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PREFACE 




The method follow ea in this work is the same as that pursued 
in ‘Sound, Light, and Heat’ m this senes the leading facts 
are brought under the notice of the student b> easj experi- 
ments, that do not demand expense c apparatus Full in- 
structions are gi\en for the construction of the apparatus, in 
the text, or in the Appendix 

The work will sene as a suitable te^t-book for anv class 
beginning the stud) of ph)sics The author beheies that in 
carl) lessons it is inad\ isable to trouble tlic student either w ith 
theories, or with the generalisations that proic such a \nluable 
aid to the ad\anced student , little space has therefore been 
dexoted to theoretical considerations Experience as a teacher 
suggests that a careful examination of the facts of science is 
the first duty of a beginner 

Man) illustrations arc new, others are from ‘Sound, Light 
and Heat,’ and from blocks in the possession of the publishers , 
several in magnetism and electricity are from Mr Po)ser’s 
work on those subjects Numerous easy examples will be found 
throughout the book 

A few' corrections have been made in the Fourth Edition, 
and additional Examination Questions have been added 

M R 

A / w CASTLF U rO*X Tv N F, 

June, 1893 
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HEAT 


CHAPTER I 

HEAT AND temperature— THERMOMETERS 

Heat and Temperature — ^The earth is warmed by the heat 
from the sun Savages ignite fires by rubbing together pieces 
of dry wood , by rubbing a brass button upon a piece of i\ood, 
vie can heat it sufficiently to render it unpleasant to the hand 
When the brake is applied to a railway tram, the friction heats 
the iron wheels, and sparks of molten metal fly from them 
The blacksmith, by hammering a hot piece of metal, can raise 
It from a red to a white heat Heat is supplied by the earth — 
notably by volcanoes, gejsers, and hot spnngs Heat is alsoj 
generated by chemical action, for example, the heat evolved] 
when we pour water upon quicklime, and when we burn coal 
The pnncipal sources of heat are,(the__sun, mechanical 
actions, such as friction and percussion, the earth, and.chemical 
action" Other sources w ill be mentioned in this v olume 

We test the state of a body_with_respect to its heat by 
touching It, or by holding the hands near it The laundr}'-maid 
determines when the iron is sufficiently hot, by holding it near 
her face The nurse tests the state of the bath with respect to 
Its heat by' putting her hands in 

* ^TJie.stateja substance is tn, with respect to the heat thaf_ affects 
the senses, as called its temperature'' 

Our owm sensations cannot be relied upon to giv e us exact 
knowledge of temperature A warm day, when we are m good 
health, might be called a cold day if we were ill A substance 

B 
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Heat 

ve describe as warm to d^y may be m a very different state, 
with respect to its heat, compared with the same substance that 
we described as warm, yesterday Two persons will not always 
agree concerning^th'e temperature of a body the glass-w orker 
IS not greatly distressed when the temperature of the factory 
in which he is working is unbearable to a visitor Both hands 
will not always give the same \erdict, — the right frequentl> 
feels cold to the left 

Plunge the right hand into hot water, the left into cold w iter , 
after a minute plunge both into lukewarm water , the right hand 
now feels cold and the left hand warm 

Touch pieces of iron, wood, and flannel, in a room shaded from 
the sun , the iron feels cold, the wood fairly warm, and the flannel 
w arm We shall prove afterw ards, that all are at the same tempera- 
ture 

The hand may be a good measurer of temperature when 
confined to the same substance, bath attendants are very 
expert in determining suitable temperatures of water for baths 
We conclude, however, that generally the hand cannot be used 
for comparing the temperatures of bodies 

By mixing i lb of hot water with i lb of cold water, we obtain 
albs of lukewarm water The same amount of heat is there, but 
the temperature is different from either of the single pounds 

j Temperature is a state or condition,f^t is no more heat than 
the level of the water m a basin is the water itself Heat is 
analogousjo the water in a vessel , temperature to the level of 
the water y Heat flows from a body at a high temperature to 
one at a low temperature, just as water flows from a high to a 
low level 

H . EA X ts^tJie agent which produces the sensation of hotness, 
watmth, and similar sensations 

If a red-hot ball be placed m an exact balance, we can 
detect no change of weight wlTen it cools, or loses heat Heat, 
we infer, is not a material substance like water, that can be 
poured from one vessel to another Remembering this, we 
ma> conveniently speak of heat flowing from a hot to a cold 
bodj , w ithout regarding it as a material substance 
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Heat ahd TtmpaaUnc — TJm momdct s 

!EIspansion. of Solids — In nearlj all cases a bodj expands 
when u is heated. The platdajeris instructed to lea\e a space 
between the ends of nils A bridge is neier fixed at both 
ends, one end be^ng placed on rollers to allow for the change 
in length as the temperature changes "We can convince our- 
selves of the truth of the statement that bodies expand, when 
heatea bj actual expennients 



A bar or rod of iron (fig i) about iS long rests upon two 
blocks of hard v ood , one end of the bar is lield firmlj bv a hcav v 
weight, the other end rests upon a sew ing-nccdle , a light straw is 
fastened a*, nght angles to the needle with scaling-wax, and a 
divaded semicircle is fixed behind the strav If die rod moves to 
the right or left, the needle v ill roll, and the pointer wall move to 
the right or left Vven slight movement of the barvull cause a 
considerable movement of the indev Heat the bar with a spint- 
lamp, the iemper>ture rises, and the pointer informs us that the bar 
is expanding, on cooling, the pointer moves to the left, showang 
that the bar ts contracting 

This expenment illustrates a bridge, one end fixed and the 
other upon rollers to allow for changes in the temperature 


o 



A. more difficult expenment is the follovnng \ piece of 

platinum wire iS' long ffig 2) js attached to an iron or copper 
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screw , It passes over a piece of knitting-needle to which an index 
IS attached as in the last experiment , the wire then passes through 
a notch in the smooth iron bar upon uhicli the needle rests, and is 
stretched by a pound weight , the notch keeps the wire in position 
If now one terminal of a pair of Grove’s cells be attached to A, and 
the other terminal touch the iron bar B, a current flows through the 
wire, heats it, and the elongation is registered by the movement of 
the index We may conveniently dispense wth tlie Grove’s cell, 
and merely run the flame of a Bunsen burner along the wire a few 
times The heating makes the wire bend if both ends be fixed, but 
the bending is difficult to observe 

Telegraph wires “sag” more in summer than in winter, on 
account of expansion due to the weather, not to the electric 
current 

(Expansion m length is called linear expansion ' 

A surface having length and breadth will expand in two 
directions A window-pane, tightly fixed on a cold day, frac- 
tures on a warm day, if space has not been allowed for expan- 
sion 

lA solid can expand in three directions , such expansion is 
called cubical expansioti^ 

Cut a hole in an non plate so that a 4 oz flask filled with cold 

water just passes Fill the flask 
with hot water the area of the 
section of the flask increases, and 
the flask IS unable to pass through 
the hole 

A histoncal experiment is 
Gravesande’s Ring (fig 3) A 
ball, a, passes the hole, ni, when 
cold, but not when heated Move 
the ball into different positions , 
m no position wall it pass , the 
experiment, then, illustrates the 
cubical expansion of solids 

F'o 3 

Expansion of liqiuds — The 
illustration (fig 4) represents a tube 12 ' long, inserted by a round 
cork into a 2 oz flask The flask is filled with water that has 
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]^n boiled (to e\pel the air)_and coloured with red ink A 
paper scale is fastened behind the tube Place the flask in a 
dish of warm water , notice first a slight descent, then a 
steady nse of the liquid in the tube The slight descent 
IS due to the glass expanding before the heat is com* 
municated to the water 

The expansion is readily observed, and we con- 
clude that liquids ex'pand much more than solids i 

By fitting up similar flasks and filling them with various 
liquids, such as alcohol, turpentine, and mercury, we can 
compare the expansions of liquids Move the corks, and 
arrange so that the liquids all stand at the same height 
Place all in a dish of lukewarm water 

-'The alcohol expands most, turpentine second, 

"wat^r third, and the mercury the least Observe that 
the mercury begins to move first no 4 



Examples I 

1 Define Heat and Temperature Is temperature heat ’ 

2 What IS meant by expansion’ When are the terms linear, square, 
and cubical expansion used ’ 

3 How would It affect the nse of the liquid in fig 4, if a tube be used 
(a) with a narrower bore (i) with a wider bore’ What would be the effect 
of using a larger flask ’ Suppose the glass did not expand, how w ould this 
affect the nse of the liquid ’ 


Thermometers. — A thermometer is an imtumient for 
measuring temperatures 

The expansion of solids is so-small that they cannot be 
used for thermometers Liquids, enclosed in glass tubes, make 
suitable thermometers Mercury is preferred, although its ex- 
pansion IS not so marked as water and alcohol , it expands 
regularly, and remains a liquid at temperatures at which water 
and alcohol pass into vapour , it can be obtained pure, and as 
we saw in the last experiment, it takes the temperature of a body 
quicker than the other liquids In the simple thermometers 
we have constructed, the bulbs are large and the tubes are 
open at the top ^n open tube would admit d irt and allow 
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evaporation , , it would also allow the pressure of the atmosphere 
to affect the position of the liquid in the tube 5 

A Mercury Thermometer — K small bulb is blown at the 
end of a tube wnth a fine uniform bore (fig 5) A small bulb 

IS chosen so that the mercur)- may 
quickly receive or lose heat, and a 
fine bore that for a slight change in 
temperature w e may have a distinct 
motion of the mercury A bulb is 
blown at the other end, and cut in 
two, so as to leave a small cup, a 
Mercury is placed in the cup, but is 
unable to run through the fine bore 
The tube is warmed, air is expelled, 
and on cooling, the mercur) is forced 
into the bulb This is repeated 
until the bulb and the tube are full 
Finally the mercury is boiled, to ex- 
pel all air and damp The tube i 
next heated near the cup, draw n out, 
E, and cut off The bulb is then 
^ placed in a bath of boiling oil, till 
the mercurj oozes out at the point 
AVhen no more oozes out, a small 
flame is held to the point until the 
glass softens , the flame is then re- 
moaed from the bath, and the end 
of the tube closed, f When the 
thermometer cools it contains only 
mercury and mercurj \apour 
The fixed points — A dixided scale behind the tube might 
serve the purpose of one expenmenter, but as different persons 
wish to compare temperatures, two fixed points have been 
agreed upon 

It IS found that (i) the temperature of melting ice is always 
the same vv herev er or vv henev er the experiment is tned , (2) that 
the steam of boiling water is alwajs at the same temperature 
if the pressure be the same The standard pressure in England 



Fig s- 
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IS taken as a pressure of 30 inches of mercurj' on the square 
mch, on the Continent as,^76o_inilhmetres of mercury .on the 


square millimetre — that is, in England 
the barometer must either be standing 
at 30 inches, or allowance must be 
made for any \anation 

I The Freezing-point — Clean 
snow or well-pounded ice is placed in a 
\essel (fig 6) The thermometer is 
inserted, so that it is surrounded , it is 
left for a quarter of an hour and moved, 
until the thread of mercury is seen just 
above the ice , a scratch is then made 
with a file, this is the freezing-point 
Che water from the melted ice escapes 
.at the bottom 

II The Boiling-Point — ^Thebulb 
IS placed in a metallic vessel (fig 7), so 



Fig 6 



Fig 7 


arranged that the tube is heated by steam By following the 



8 


Heat 


direction of the arrows it \mU be seen that the inner tube, a, is 
prevented from cooling by the steam surrounding it The 
thermometer is moved until the mercury is just seen above the 
cork, a , when it is stationary a mark is made, this is called 
the boiling-point If the barometer be not at 30 inches a cor- 
rection IS made from tables 

The Scale — ^The distance between the fixed points is divided 

into equal parts called degrees 
Three methods are followed (fig 
8 ) 

1 Fahrenheit Scale — ^The freez- 
ing-point is marked 32 degrees 
(written 32®) the boiling-pomt 
212“ Therefore the distance be- 
tween IS divided into 180 equal 
parts This scale is m common 
use in England Fahrenheit be- 
heved that his zero, 32® below 
freezmg-pomt, was the lowest tem- 
perature expenenced on the earth 

2 Centigrade Scale — Freezing- 
point IS o®, boiling-point 100° 
This scale is in common use on the 
Continent, and in general use for 

scientific purposes 

3 Feaumur’s Scale — Freezing point is 0°, boihng-point 80® 
This scale is in common use in Germany 

The divisions are continued above and below the fixed 
points, the division below o® being indicated as —1°, —10° 
-i5°> S:c 

One hundred and eighty divisions on the Fahrenheit scale 
are equal to 100 divisions on the Centigrade Therefore 9 
divisions F =5 divisions C 

A thermometer reads 6c«® F What is the reading on the Centi- 
g/ ode scale ? 

60® F is 60-32, or 28 divisions F above freezing-point That 
IS 28 X I C divisions abo\ e freezmg-pomt 
the reading is 28® x | or 15 s" C 
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Change 12° C tnio /he Faht scale — 
12° Cent above freezing-point = 


or 2i| divisions Fahr 
on the 


above freezing-pomt But as freezing-point is marked 32 
Fahr scale, the reading v\ill be (32 + 21^)'’ = Fahr 


Express o°F on the Cen/tgi ade scale -2,2* 

o°F is 32 Fahr divisions below freezing-point 
32_ x_§ or 175® C below freezing-point - 
* the reading is - 17” C 


' Evampies II 

— \ 

1 Define Heat and Temperature Wial is meant by sensible heat ’ 

2 Wliatjs a thermometer’ Describe tlie construction of a mercurial , 

^ — / /* 
^thermometer 

' 3 How are the fised points on the stem of a mercurial thermometer 

' determined’ Into how manj parts is the distance between them divided 
on the Fahrenheit scale’ To what temperature on the Centigrade scale 
does 179° r correspond’ 

4 How manj divisions of the Centigrade scale are equal to 54 divisions 
of the Fahrenheit scale on the same thermometer 
\/S Change the following degrees Centigrade into degrees Fahrenheit 
SO, 10, - 7, 180, 32 s 

o Express go®, 30’, —15’, 32®, iSo° Fahrenheit in the Centigrade 
scale 


Testing Thermometers — Ordinary thermometers are rarely 
accurate , it will form a good exercise to test the thermometers 
which are m use in the class 


The apparatus for testing the freezing-point is readily made 
out of an ordinary tin, by puncliing a few holes in tlie bottom 
It IS important to use clean ice After testing with clean ice, add 
a little salt, and test again In a class expenment the tliermo- 
meter indicated — 10° C when salt was added 

For verifying the boilmg-pomt, a flask with a long neck and 
half-filled with water may be used (fig g) Pass a thermometer 
through a cork, through which also passes a bent open tube The 
thermometer must not touch the water , it should merely be sur- 
rounded with the steam 

When the mercury is steady, add a little salt to the water, and 
note again the height of the mercury when immersed m the steam 
P[ace the thermometer tn the salt and water and observ'e the tem- 
perature , also m water containing calcium chloride 
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Example 

1 Freezing point with clean ice = o° C 

2 „ „ ,, ice and salt = —lo'’ C 

3 Boiling point with steam from water = ioo 5 ° C Error 5° 

4 „ „ salt and water = 100 5° C 

5 ,, „ calcium chlonde and water, the 

thermometer dipping into the water = 107° C 

Impunties affect the boiling-point of nater, but do not- 
affect the temperature of the steam from such water 

_ The mercunal ther- 


|[ C\ j mometer can now be used 

II to test the temperature of a 

body Suppose it touches 
' jJT a piece of warm iron, heat 

ij flows from the iron to the 

mercury, the bulb being 
, small the heat lost by the 

iron is inappreciable, soon 

[u * TnTT thermo- 

'I meter are at the same tem- 
^ « perature,whichis practically 

^ ^ ^ piece of iron 

\l pi With the thermometer 

II ‘ test the temperature of va- 

■ \ nous bodies m the room 

\l Show that all are at the same 

temperature (See p 3) 

^ “ When the temperature 

,s steady, the thermometer 
being surrounded by steam, connect the tubes of a and B^with 
India rubber tubing (fig 9) The tube of p dips into water , 
therefore the steam has now to overcome a greater pressure 
the mercury rises, showing that the temperature is nsing Let 
the tube of b dip into mercury , the steam has now to over- 
come a yet greater pressure, and a further increase of tempera 
ture IS indicated 

The boiling-point depends upon the pressure the vapour 
has to overcome In an experiment the thermometer, sur- 
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rounded by steam that escaped freely showed when the 
tube dipped into 8" of water the thermometer indicated 102°, 
•when mercury was substituted for water the boiling-point 
became 108° 

« 

Examples III 

1 should care be exercised in securing a tube of uniform bore ^ 

2 CWhat are the objections to constructing a mercury thermometer and 
leaxing the top of the tube open’’ 

3 How is a thermometer filled ’ 

4 Why IS It necessary to boil the mercury ’ 

' 5 What IS meant by ‘ the fixe d points ’ ’ \ATiat precautions must be 
taken in obtaining the boiling point^^ 

6 Change the following degrees C into F X 5 °» 3 °°> ^7 S“» ^00°, 

- 30°, — 10° F into C 180°, 212° 70°, 60°, — 12° 

7 How would you construct a water thermometer’ How W'ould jyu 

graduate it ’ ' 

8 Explain how the fixed points on the stem of a mercunal thermometer 
ire obtained ^\^ly is it necessary, in marking the ‘upper fixed pomt,’ to 
take note of the height of the barometer’ 

9 How would you show that the boiling point changes as the pressure 
changes ’ 

10 Does the thermometer measure heat ’ WTiat does it measure ’ 

1 1 Why IS steam used rather than boiling w ater in determining the 
‘ upper fixed point ’ ’ 

'''12 What IS meant by a ‘degree’ of heat, say 14 degrees Centigrade’ 
What IS meant by a change of temperature " 
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CHAPTER II 

EXPANSION OF SOLIDS, LIQUIDS, AND GASES 

The linear coefficient of expansion — ^The general state- 
ment that solids expand when heated, is insufficient for prac- 
tical purposes We must know how much a given length of 
iron, say, will increase in length, when heated through a number 
of degrees Small as the expansion is, it can be measured by 
methods, that are explained m advanced works 

A bar of iron measured 20" at 0° C , and aojfs" at 100° C 

A brass rod at 15° C was 24" long, at 95“ C it was 24j§5" 
long 

To compare the expansions of brass and iron, we calculate 
the elongation of each, when its temperature nses from 0° to 
1° C , and compare the elongation with the original length For 
all practical purposes we may calculate the elongation when the 
temperature rises one degree, beginning at any ordinary tempera- 
ture In the above example the elongation of the iron is — 

100 

for 20" when its temperature is raised loo® the elongation 
for i^ivill be ■?— — 100 = — — — The relation between this 

100 lOOOO 

elongation and the onginal length is ~ ' 20" = ^ 

10000 100000 

The fraction to oVd 0 called the linear coefficient of ex- 
pansion of iron Similarly we calculate that the linear co- 
efficient of expansion of brass is 80 — 24" s= ^ 

r 64000 

1 HE LINEAR COEFFICIENT OF EXPANSION FOR ONE DEGREE, 
ts the ratio of the increase of length when the temperature is 
raised one degree, to the original length 
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^\BLE OF Coefficients of Linear Expansion for i° C 


Glass 

= -0000083 = ? — 

120000 

Brass 

- 000016 — , * 

64000 

Platinum 

- 00000S5 - ^ 

120000 

Copper 

= 000017 - f 
58000 

Cast iron 

— 00001 — * 

100000 

Lead 

— 00002S - ^ 

35000 

Wrought iron 

= 000012 = — * — 
S5000 

Zinc 

- 00003 — * 

34000 


This table is only approxunate as different specimens \ary 
in their expansions It assumes that the expansion from o° 

to 1° C IS — of the expansion from o“ to ioo°, this is 

lOO 

nearly true, and it is b} measunng the expansion for ioo°, or 
some such range of temperature, that the coefficient is deter- 
mined The coefficient for i° F will be ^of theabo\e\alues 

^he coefficient of cubical expansion is three times the 
coefficient for linear expansion^ 

This Mill be understood by considering fig lo Let the thick 
lines represent a cube of one foot side, that increases very 
slightly in three directions , let its co- 
efficient of linear ex-pansion be ooi 

The increase in i olume n ill be three 
slabs (a„ a.,, and A3 are the diagonals), 
three stnps (a section of each is shomi), 
and a small cube The strips and 
cube mil be so small compared mth 
the onginal \ olume 'uhen the expan- 
sion IS vef y small, that the) may be 
neglected The increase in volume 
u ill therefore practically be the \ olume 
of the three slabs And the coeffici- 
ent of cubical expansion (increase m Fig 10. 

\ olume — original 1 olume) mil be 003 c ft — i c ft = 003 
That IS, three times the coefficient of linear expansion 
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Evamples IV 

1 Find the coefficient of expansion in the following examples — 

a A rod of brass at 15° C measures 2 feet, at 95° C it measures 
2 003 feet 

b A rod of glass at 10° C measures S feet, at 70° C it measures 
5 0024 feet 

2 Explain what jou mean when you say that the coefficient 01 linear 
expansion of iron is o 000012 If an iron yard measure be correct at the 
temperature of melting ice, what will be its error at the temperature of 

boiling water ’ , i. . a j 

3 From London to Edinburgh is 400 miles Suppose the hottest day 

in summer to be 90° F aboi e the coldest day in winter , find the difference 
in length in the rails laid on the railway between the two places 

4 A rod of brass just fits between two supports , ice cold water is 
floured over it and the bar falls \%’hy is this ’ The bar is now heated in 
a boiler and is found to be too long Why ’ 

5 A rod of lead, 6 feet long, was fixed between two firm supports on a 

day in winter It was examined in summer and was found bent Explain 

why 

Porces of Expansion and of Contraction — Solids,in ex- 
panding and contracting do work 

AB (fig 1 1) IS an iron bar passing through, sockets in a strong 
cast-iron frame, CD The iron bar has a hole at one end, through 

which passes a small rod, 
r, of cast iron At the 
other end is a screw 
thread, a, on which a nut, 
N, with two arms works 
The rod is heated, placed 
in Its sockets, the rod r is 
inserted, and the nut screwed up tightly As the temperature falls, 
the bar contiacts, and the force is sufficient to break the rod of cast 
iron F 

The force exerted is enormous , an iron rod i square inch 
m section m cooling through 9° C exerts a force of i ton 
A striking illustration is afforded m the case of telegraph 
w ires An iron w ire stretched across a span of 400 feet with 
a sag of 5 feet at a temperature of 25° C would have a strain 
upon It of 1^3,544 lbs per square inch In winter, at a temper- 
ature of —5° C the strain would be 34,000 lbs per square 



Fic II 
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Expansion of Solids Liquids, ard Gases 

jnch siifncient to permanently stretch the vnre. The iron 
tyres of rheels are placed on red-hot and fit loosely^ on cooling 
they secure the woodwork tightly. 

BSects of expansion and contraction' — ojt a piece of 
glass tubing cut the era on leading a small ho^e , insert a p'ece of 
platinum wire and heat m the Same. The glass fuses the hole 
Closes and on coohng the platinum is found to be firmly imbedded 
Tr\* tne same experiment ndi an iron wnre — either the glass cracks 
or me hole is not closed. 

The coefnaents of expansion of glass and platinum (p 13) 
are equal, wnile there is a marked difference between the ex- 
pansion of glass and iron 

Solder a stnp of brass and a stnp of iron togethe- hammer 
tnem unt 3 they are straight heat the compound bar - ,t bends, the 
iron hemg on the conca\ e side. 

The cocE^aent of expansion of brass is 000016 ; that of 
iron = COCO! The brass expands more than the iron and 
therefore forms the coaxev s^de of the bend 

The rate of a chronometer depends upon the of the 
baiance-whesi (fig 12), and the distance of 
the arcuraference from the centre The 
parts E c are made up of a compoura strip 
Lt e the above the metal haring the highest 
co=fncent of expans'on being on the outside 
^^'he^ heated the radius a expands, and the 
chronometer would lose time . bat the heat 
also causes the stnps bc to curve invrards 
tne masses d are thus b’-ought nearer the centre and this 
compensates for tne extension of 4 

C ompensa ting P end ulnn^ — ^Any alteration in the length 
o' the pendulum affects the lime of the clock Pendulums so 
constructed that tney do not alter their number of swings per 
second the temperature cnanges, are called comper^atmg 
perdt.lums. 

In Ha.nri=ons gndToa pendulum (fig 13) a d,c,d are rods of 
^eel ,I kzrs: b-ass If me tempe-ature nse. a b c expand and 
fame tne ood farther from the po.nt of suspension , / and /■ n 
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expanding, lift the crosspiece «, m, and thus lift the ‘ bob ’ The rod 
d passes freely through a hole mr e The lengths are so arranged 
that //, k compensate the effect of a, c, d 

fThe coefficient of linear expansion of brass to 
that of steel, is roughly as 5 to 3 The length 
a + b-id should be to A as 5 is to 3 ^ 

Ex AM ILFS V 

1 Make a table for the. cocflicicnts of cubical expan 
Sion from the table on page 13 

2 A glass vessel contains 120 cubic inches at 0° 
Find Its volume at 100® C 

3 Water pipes are fitted by telescopic joints Wiy’ 

4 What would be the effect of fixing firmly the ends 
of furnace bars ’ 

5 A glass bottle holds, when quite full, at the tern 
perature of melting ice, 20 cubic inches of ice cold w attr 
How many cubic inches of boiling water will it hold, the 
bottle as well as the water being at C*) (Coefficient 
of linear expansion of glass = 000009)* 

6 Telegraph wires sag more in summer than in 
winter ^^^1J ’ Suppose the distance betw cen tw o posts 
to be 80 yards and the wire to be made of copper, what 
change would there be in the length when the thermo 
meter rose from o® C to 20® C ’ 

'' 7, How would you prove that zinc expands more 
than copper when rods of the two metals are heated 
through the same range of temperature ! 

Expansion of Water — We have already seen 
that liquids expand when the temperature rises, 
and contract when the temperature falls , the expansion ob- 
served IS not, however, the real expansion, as the glass covenng 
also expands If the glass did not expand, the expansion of the 
liquid would be greater than that observed in the experiment 
The real expansion is found by adding the apparent expansion 
of the liquid to the expansion of the glass 

Fill the flask in fig 4 with water, insert the cork and apply 
heat until the water runs out at the top Now place the flask in 
clean melting ice (what is the temperature ’ ) and observe carefully 
the movement of the liquid m the tube There is a gradual 
descent, followed by a slight ascent and ultimately it comes to rest 
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Remo\e the flask from the ice, the temperature rises, and the 
liqu id_in_th&-tube-first contracts and then expands The meaning 
eiidently is, that water in cooling down to a certain temperature 
near 0° C contracts, and that if the temperature fall further it 
then expands Repeat the expenment after placing a thermometer 
through the cork of the flask, observe the temperature, when the 
volume IS least, will be 4° C or 39 2° F 

Thus a cubic inch of w ater weighs more at^4° C than a 
cubic inch at any other temperature The mass of a unit 



Fig 14 

volume IS called the density of a substance The density of 
water is greatest at 4° C or 39 2° F Liquids generally do not 
act like water, they expand gradually from their freezing-point 
Ice floats in water , the density of ice must, therefore, be 
less than that of water That is, water expands on freezing 
Solid paraffin sinks when thrown into melted paraffin — that 
is, paraffin contracts when it passes from the liquid to the solid 
state Iron acts in a similar manner 

Fill the flask (fig 4) vnth ice and water, and insert the cork 
As the ice melts, the water sinks m the tube, proving that water 
occupies less volume than an equal mass of ice 

Blow a small bulb in the end of a glass tube , fill the tube with 
cold w ater and seal it put it in a mixture of ice and salt (temperatui e 
below o°C), the water freezes, expands, and bursts the tuoe 
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Place a similarly sealed bulb in warm water The water m the tube 
expands, and it again bursts 

The great force exerted when water expands m changing 
into ice, IS illustrated by the expenments of Major Willianw 
in Ca nada He filled iron bomb-shells ivith water, closed 
the holes firmly with iron plugs, and exposed the shells to 
the frost In one experiment the plug was forced out, a loud 
report was heard, and a cylinder of ice was forced through the 
hole In a second experiment the stopper remained, but the 
shell was cracked, and a cylinder of ice forced its way through 
the crack (fig 14) Water in the crevices of rocks freezes in 
winter, expands, and exerts force sufficient to split the rocks 
Hesults of the peculiar expansion of water -^In winter 
the surfaces of ponds and lakes lose heat The surface water 
being, bulk for bulk, heavier than that below, sinks , this goes 
on until the whole pond is at 4“ C The surface water cools, 
but It IS now less dense than the water below , it therefore 
floats, Its temperature falls until it freezes, and the ice, as we 
know, floats If water were like paraffin, the surface water 
\TOuld, down to freezing-point, be heavier than the deeper 
water , thus the whole pond would be reduced to o® C , a 
temperature that would destroy much of the animal life that 
now exists at 4® C If the water on freezing continued to 
contract, layer after layer of ice would sink to the bottom until 
the whole pond would be a mass of ice, that the heat of 
summer would be unable to mel^ 

(Examples Vi\ 

1 A pond IS just about to freeze Will the surface water or the water 
at the bottom be the warmer ’ ^^^1J ’ 

z Describewhat takes phcciivhen a cubic foot of water is cooled down 
from 30’ C to o® C Gi\c a diagram of it at its most important tempera 
tuics 

3, Dcscnbe a method of show mg the unequal linear expansions of solids 
bj heat Explain how this unequal expansion is made use of in the 
gndiron pendulum 

• 4 The nm of the balance wheel of a watch is made up of rings of two 
dilfcrcnt metals, one outside the other, and is cut at two points , explain 
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how It IS possible for the rate of the watch to be the same in hot and cold 

Two iron bottles are filled with water at 4° C and plugged One 
IS placed m w arm w ater, the other in a mixture of ice and salt \Miat takes 

place in both cases’ ^^h>’ ^ u u 

y 6 Explain how jou would construct a seconds pendulum which wall 

keep correct time in hot or cold weather 

7 Desenbe a gridiron pendulum made of zinc and iron bars \\ hat 
must be the ratio between the lengths of the bars of the two metals’ and 

' \ \\ tier IS said to ha\e Its maximum dcnsil) at 4“ C Explain what 

this means , . , r » 

9 In what respect is the behaviour of mcrcurj' different from that of 

water, when both are graduall) warmed from 0° C ’ 

Expansion of gases —Gases expand in volume when heated, 
much more than solids or liquids 



Tic 15 

Insert a tube bent as in fig 15 in a 2 oz. flask , clamp the appa- 
ratus so that the end of the tube dips under water F ill a test-tube 
vv ith w ater, and in\ ert it ov er the end The heat of the hand clasp- 
ing the flask is sufficient to cause expansion of the air in the flask, 
and part is forced into the test-tube Remov e the hand , as the 
air cools, water rises in the tube Heat from a flame shows this 
in a more ma}^ed degree 

A simple air thennometer — Fit up a piece of apparatus like 

c 2 
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fig 4, but do not place any liquid in the flask Invert, and dip the 
end of the tube into a glass containing colouied water Warm the 
flask so as to expel a little air On cooling, the coloured water 

rises in the tube, and its movements 
show the effect of change of tempera- 
ture upon the confined air (fig i6) 

This apparatus forms the simple 
air-thermometer , it can be gradu- 
ated by attaching a scale, and noting 
the position of the liquid at two 
temperatures, as shown by a mer- 
curial thermometer The air-ther- 
mometer IS not so convenient as 
an ordinary thermometer, but it is 
much more sensitive 

The expansion for all ordinary 
gases IS the same —Place side by 
side tivo flasks, with tubes, each con- 
structed as in fig IS Fill one with 
coal-gas, the other with air Put a 
dish of warm water underneath them, 
raise it, so that the water suriounds 
both flasks to the same height The 
quantitj of coal-gas and an collected 
' in the two test-tubes will be ahnost 
equal 

Equal volumes of air and coal-gas are; raised through the 
same temperature, and the expansions are equal If we substi- 
tute hydrogen, oxygen, or any ordinary gas for air and coal-gas, 
and heat the flasks to the same temperature as before, we shall 
again find that the same amount of gas is expelled We 
conclude that the expansion of all ordinary gases is the same 
Careful measurements have shown that 273 cubic inches of 
a gas at o°C become 273 -f i cubic inches at i°C , 273 + 10 
It 10“ C , 273-1- so at 50° C , and 273 - 5 at -5° C , or 
491 cubic inches at 32° F become 491 -}- 5 at 37° F , and 491 
— 20 at 12° F 

Leslie’s Differential Thermometer— nt two 2 oz flasks each 
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with a good cork, each cork haMng two holes Bend apiece of 
glass tubing 24" long as m fig 17 , draw coloured water into the 


bend, and insert the tube m the corks Place a 
glass stopper in each of the other holes, bj 
using these stoppers arrange that the liquid 
stands the same height in each limb Fasten the 
thermometer to a board- If one bulb be w armed 
more than the other, the indev of coloured water 
moves 

This thermometer shows difference of 
temperature, and is \erj sensitite 

Eva-mples VII 

J How would }ou show that a gas (air for ex- 
ample) expands more than a hqmd (water) ^ 

2 Descnbe an air thermometer VTiat are its 
advantages and disadvantages compared with an or- 
dinal} thermometer’ 

3 At 0° C the volume of a certain mass of air is 
1,092 cubic feet, what will be the volume at 20° C , 
100° C , and — 20° 
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4 How would you show that the expansion of air and coal gas are 
nearly equal ’ 


5 Define the coefficient of linear expansion How do jou obtain the 
coefficient of cubical expansion from it ’ 

6 Is a cubic foot of air at o’ C heavier or lighter than a cubic foot at 
100’ C ’ Give reasons for ) our answ er, and explain how j ou w ould prov e 
It bj expenment 

7 Descnbe Leshe’s difierenUal thermometer 
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CHAPTER III 

HEAT AS A QUANTITY SPECIFIC HEAT 

The thermal taut — ^The previous experiments have shown, 
that heat is something that flows from a body at any tempera- 
ture, to a body at a loner temperature, analogous to a flow of 
water from a high to a lower level It does not mean that 
heat is a material substance, hke water , m fact, all experiments 
are against such a statement A body weighs no more when 
hot than it does when cold , we cannot i^late heat or regard 
It as a distinct substance In order to measure heat it is 
necessary to select a unit, the selection of the heat-unit is 
based upon the following and similar experiments — 

Provide two Jieakers, and weigh into each, one pound of water 
It IS convenient to have the water in one beaker at o® C , this is 
readily obtained by making up the weight with a few pieces of ice , 
when the ice has completely melted, the temperature, noted by 
the thermometer, will be found to be o° C Test with the thermo- 
meter the temperature of the water m the second beaker, suppose 
It to be i6® C Now mix the contents of the beakers , we shall 
have tw o pounds of water at 8° C The heat given up by i lb of 
water cooling from 1 6° to 8° has been sufficient to laise the tem- 
perature of I lb from o° to 8° Weigh again i lb of water into each 
beaker, and w'arm the water in one of them Note the tempeiature 
of each, mix, and note the resultant temperature 

One pound of water at i6° C t i lb of water at 40° C, = 2 
lbs of water at 28° C That is, i lb of water in cooling (fiom 40° 
C to 28° C ) through 12°, raises the temperatuie of i lb 12° (from 
16“ C to 28® C 1 

Generally, the heat given up by i lb of water in cooling 
1°, IS equal to the heat required to raise i lb of water 1° We 
infer, and can verify by experiment, that it requires 15 times 
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ns much heat to raise 3 lbs of water 5' as ’t does to raise i lb 
of \Tater ihroush i" 

(Tf e atro ttt of rtai nqu'rcd to ratst V t ttH'fcraiurL of x lb 
ofi^cterfroir 0= C to \° C is calkd tht THEi^MVLLM^ 

The French define their unit b} using i gram as the unit 
of mass workmen use i lb as the unit of m-iss, and i® F 
The reason ‘from c” to 1® 15 inserted ’S, that the amount of 
heat reauired to raise i lb from 60' to 61''', say is not e\- 
acth equal to tne heat required to raise i lb from o® to i ® 
Tne difference is hoareicr, small ana can practicall} be 
neglect CG 


Capacity for Heat — Roq a stnp of lead weighing 1 lb jHio 
a spiral narg it dv 1 thread, m 1 beakc- contain'ng r Ib of water 
ifig iS Heat *hewai.er to boibng fwhat ' ill us 
tc-npena^ure be nearh ' Test it %\uh •» thermo- t 
ne er; Fronde ti\o o her beakers e''ch cortun- 
ing r Id of v^iC” at the temperature of the room, 

£a\ 16 C Rcir'o\etheIead at 100® and place it 
n one of tne beakers of la^cr Tlicn pour the 
poand o*" v'atc- at loo' iniO >.he o'her pound of 
va'e- at 16; Stir and no*c the temperatures 
In the aboie c\perinent tne tempemture of the 
lead and TOter after mixing x’ as iSf® C and that 
o‘‘thc 2 Ids o‘’v itcr 5S® 

One pound of lead cooling througn Sil,® 
fioD to iS^) raises i Ib of water 2^' (16 to 
iSf.) ~ xS 

One pound of r-atcr cooling 42® (ico® to 5S®) mises i lb 
of water jlz ~ (16 to 58) 

I lb of lead cooling Si^= raises i Ib of water 2’'’ 



. I lb 




1® 


1 lb -2^= jO 

and we conclude that one thermal unit r'>i«es i lb of lead 32^® 

Tnerefore to raise i lb of lead tnroagn r of temperature 

requires chout 03 thermal iinits, 

/ 

T/c /infer of fLnral vmh nqu nd to rats, x lo of a 
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substance one degtee of tempa atm e, ts called the ca.pacit\ for 
HEAT of that substance 

Perfonn a similar experiment with i lb of iron The iron 
heated to loo C nas placed m water at i6° C , the resultant tem- 
perature was 24i° C 

I lb of iron cooling (too —24^)° C heats i lb of water 
( 24 ^-i 6 rC 

I lb of iron cooling heats i lb of water i® 

°2 

I lb „ „ 9® (nearly) „ „ 1° 

We conclude that to raise 1 lb of iron i® requires J thermal 
unit, and the capacity for heat of iron is units 

Now heat 1 lb of water to 100®, the non being at the tempera- 
tuie of the room (16®) After mixing the temperature is 91 J° This 
shows strikingly that the capacity for heat of iron is much less than 
that of water 


4: and ^ units 
16 n 


I lb of water cooling 8^® heats i lb of iron 75I® 

1 lb „ I® „ 9“ (nearly) 

Other experiments show that the heat required to raise i lb 
of water through i® will raise through i® 10^ lbs of zinc, ri 

lbs of copper, 16 lbs of silver, or 
5^ lbs of glass , and the respec 
tive capacities for heat are there- 
fore % ^ 

21 II 

Put 30 grams of white beesw'ax 
in a saucer half-full of water and 
place all in an oven until the wax is 
melted , allow it to cool When it 
first solidifies cut round the edges 
Let It stand for a day to harden, 
remove the wax and place it on a 
large ring of a retort stand Sus- 
pend spheres of lead, bismuth, 
copper, and iron by a fine wire for 
Remov e and place them on the w ax plate 



Fig 19 




some time in boilin? oil 
The iron melting the w ax, falls through fii st, follow ed by the copper , 
lead and bismuth aie unable to struggle through (fig 19)^ 
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The rate at which the spheies pass through depends on 
y tlieir density, (2) the_amount of heat they give to the iva\ 
Compare copper and lead The lead is the heavier and has 
this advantage over the copper , the copper, therefore, must 
give up a greater amount of heat in cooling , its capacity for 
heat IS higher The experiment cannot, how'ever, for these 
reasons be used to compare accurately the capacity for heat of 
bodies I 

Specific Heat'.— specific heat of a body, is the latio 
of the quantity of heat leqimed to taise that body one degree, to 
the quantity lequired to laise an equal mass of water one degte\ 

The specific Ijeat is theiefoie the capacity foi heat of the sub- 
stance, dn ided by the capacity for heat of ivater The specific heat 
of lead is 03 unit — i unit = 03 , that of iron ^ unit — i unit = ^ 
(See p 24 ) Calculate the specific heats of the bodies whose 
capacities for heat aie gnen above, 

\Kfiigh .1 Ib of inercurj’^ into a test-tube , place the tube in boiling 
watei , after some time the mercury will be at 100° Pour the 
heated mercury into 4 lb of ivater at 17° C say, stir thoroughly and 
note the final temperature , it w ill be about 22“ 

I lb of meicury cooling 78° raises the temperatuie of + lb of 
waters® 

I lb of meicurj^ cooling 78° raises the temperatuie of i lb of 
water 2J® 

,_po 

iJb of mercurj' cooling ^ raises the temperature of i lb of 
■waterj® 

i e the heat required to raise the temperature of i lb of w^ater 
I “raises the temperature of i Ib of mercury through 31° The 
capacity for heat of mercury is unit, as found by the experi- 
ment , more accurately it is unit Its specific heat is 

^ -A. similar experiment shoivs that the 

specific heat of turpentine is about § 

One unit of heat will raise 30 lbs of mercury 1°, and 2^ lbs 
of tuqjentme i® , 30 is 12 times 2^ If, then, we take 12 ozs 
of mercury and i oz of turpentine at any given temperatures 
and mix them, the resultant temperature should be midway 
ciween the two For example, 12 ozs of mercury at 80° -j- 1 oz 



of turpentine at 16° = a mixture of mercury and turpentine 
at 48“ 

The student will have observed, that the methods used for 
determining the specific heats are ill liable to error , part of 
the heat is used m heating the beaker, and part is lost bj the 
cooling of the beaker , the metal loses heat as it is mo\ ed In 
advanced books, methods are given for correcting these-errors 

The high specific heat of water — ‘ One pound of water in 
cooling through one degree will lose heat sufficient to raise the 
temperature of 4 2 lbs of air i-^) one degree But water is 
770 times heavier than air Therefore a cubic foot of water 
in losing one degree of temperature would raise 770 x <12 
= 3234 cubic feet of air one degree The last influence 
which the ocean must exert as a moderator of climate here 
suggests Itself The heat of summer is stored up in the ocean, 
and slowly given out during the winter This is one cause of 
the absence of extremes in an island climate ’ 


Table or Specific Heats 

Specific heat of water = i 

Solids 


^Lead 

031 

Mercury 

03T 

Zinc 

095 

Iron 

1 14 

Glass 

198 

Ice 

489 


Liquids 

Mercurj 033 

Alcohol 062 

Turpentine 426 

Gases at Ceiisia it Pitssiitc 
Air 237 

Oxjgen 217 

Water \apour 481 


Examples X III 

1 XVhat 15 meant by the thermal unit’ XX rite out a definition, using 
one gram as the unit of mass, ^ the Centigrade scale 

2 A mixture IS made of 3 lbs of water at 12° C with 5 lbs of water 
at o'* C Find the temperature of the mixture 

3 A mixture IS made of 4 lbs of water at So°C with 10 lbs of water 
at 15° C Find the temperature of the mixture 

4. How many units of heat will be required to raise 6 lbs of water 
from 0° C to 10° C , 10 oz of water from 7° C to 15° C ’ 
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5 Explain ‘«DCCific heat’ md ‘capactj for heat ’ 

6 \\h\ shojld a poar 1 of iron heated to lOo' C 'ink further into ice 
than - pound of lead at the sane temperature * 

7 XMiai i> meant bj the st-*ement, thai the specific heat of water i5 

lo^ umcsthe =p;ci*‘c heat of copi\.r’ If i ; Il>' of copper at So" C be im- 
n’er'cJin of w ate' at 42’ C , find the t^nipwralurc vO which the w''tcr 

n=:es 

S WTiat i- meant 1 a <a\an" th-'i the specific heoi of water is 30 times 
's gre-tt as thci of n ercui) ’ If a pound of l»iling rsatcr lie mixed with a 
prurd of ice co’a nercurj, wra* \ ill lie tne temperature of the mixture’ 

0 \Miat IS meant b} ‘unu of hw**!’’ If the sjiecific heat of iron be}, 
an'’ 5 ll)s of iron lie coolcci tiown from the temperature of boiling \ ater to 
the tuirpcraiure of m Jtmg ice, hoe manj units of heat arc exoUen’ 
to If a pound o^Iviiling wa'er be mixed with 3 Ibr of ice cold mer 
curx what will be the temperature of the mixture’ 

^fograniof copper -t So" C arc mixed with 57 grams of w-’tcr 
af 15" Tne temperature after 11 ixing w 20' Finn the «j>ecific heat of 
copper Wr’ us the capac s for hea* of the fiftj grams’ 

12 W a’ us meant Ij ‘ specitic liea^ ’ If S ounces of nnc at tempera 
lure 95' C \k put into 20 ounces o*" water nt 15' C and the resiiUan’ tern 
pcraiurc be iS C , v hat is the speafic heat of zinc ’ 
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CHAPTER IV 

LA TENT HE A T— FUSION— VAPORISA TION 

JFusion — Heit not only changes the temperatures of bodies, 
but It also changes their physical state solid ice is changed 
into a liquid (water), and water into a gas (steam) We have 
already seen that the temperature at which ice melts is con- 
stant whenever the change takes place, this temperature 
determines one of the fixed points of the thermometer 

Crush ice to small pieces in a mortar, and wath an iron gauze 
spoon remove the ice to a beaker Place the beaker m a basin 
containing ice and salt Test the temperature of the clean ice 
with a thermometer , in a few minutes it will be below o°, say -8“ 
Remoi e the beaker and put it into warm water , continue to test 
with the thermometer, stirring frequently , the temperature rises, 
too® and then remains stationary Until every particle is melted 
there is no further rise of temperature 

Cut up a paraffin candle, place the pieces in a beaker , the tem- 
perature will be that of the room Heat the beakerwith a small flame, 
and with the thermometer stir continually the pieces of paraffin 
The temperature rises gradually to about 50® C and then the paraffin 
begins to melt As soon as melting (fusion) begins, no further in- 
crease of temperature takes place until every particle of the paraffin 
IS melted , then the temperature of the liquid again nses 

As a result of similar expenments on solids, we obtain the 

L4WS OF FUSION — 

(1) E\6ry substance begins to melt at a certain definite 
temperaturfc, if the pressure remain constant 

( 2 ) From the time fusion begins, until the time it is com- 
pleted, the temperature remains constant 

The tempet aim e at which a body melts, is called melting 

POINT 
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To find the melting-point of wax.— Draw out a piece of 
glass tubing, a small piece of melted wa\ into the fine end , 
when the wa\ sets, close the end \\ ith a small flame Cut off about 
2" of the fine tube, and fasten it by an india-rubber band to the 
thermometer , place the thermometer in a flask of water (fig 20) 
Apply heat to the flask, and note the tempeia- 
ture at which the wa\ melts Remove the 
flame, and again note the temperature when 
It begins to solidify The mean of these two 

temperatures is the melting-point 


Wax begins to melt at 
„ „ solidify at 

Melting-point of wa\ = 

MEL1ING-P0]^TS 


49 ° C 

2^“ 
49 ^ C 


Alcohol 

never f 

Mercury 

- 39 ° C 

Ice 

o“C 

Sulphur 

115° c 

Tm 

230* c 

Lead 

334° C 

Zinc 

425° C 

Cast iron 

1 250° c 

Latent Heat of Fusion — It is 



of heat IS necessary to melt a solid at the temperature of its 
meltmg-pomt, into a liquid at the same temperature , this heat 
was said to be laten^^and was called latent heatj The teim 
IS misleading , the heat is no more latent than when it raises 
the temperature "lye can imagine that(the heat is engaged in 
tearing the solid particles asunder, in order that they may appear 
in the liquid form, and that until this is done the heat cannot 
appear as sensible heat and affect thermometersj 

‘'Arrange so that you have ^Ib of hot water in a beaker, say, at 
100° C , weigh the beaker and water With a gauze spoon empty 
into the water a number of small pieces of ice, stir until they aie (j 
melted, and note the final temperature Weigh again, the increase 
gives the amount of ice added Let us suppose that 2 02s of ice be 
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used The final temperature wll be about 64° The water cools 
36°, and gives up + x 36, or iS thermal units This amount of heat 
IS required to melt ^Ib of ice at 0“ to water at 0° and raise the 
temperature 64° , the second part requires ^ x 64, or 8 thermal units 
Therefore to melt ^Ib of ice requires 18 - 8 or 10 thermal units , and 
therefore to melt i lb of ice at 0° to water at 0° requires 80 thermal_ 
units 

‘^/le amount of heat required to change a unit of mass (i lb 
I gram, Grc) of a solid into a liquid, without raising the tem- 
perature, IS called the latent heat _oiujjsion of that solid 
It only takes 5^ thermal units to change i Ib of solid lead 
at Its melting-point, into a liquid at the same temperature 
5^ IS the latent heat of fusion of lead , for silver it is 21, for 
bismuth 13, and for sulphur 9^ 

0 , Solution Freezing mixture — When solids dissolve in 
•* liquids, heat is necessary to change the solid into the liquid 
' state 

Place one tube of the differential thermometer m a basin of 

1 ' water Add to the watei some soluble salt such as sodium 

sulphate or sal ammoniac , the motion of the inde'< shows that the 
temperature of the mixture is falling 

Pour stiong hydrochloric acid into a beaker, add to it sodium 
sulphate, stir the mixture with a thin test-tube containing a little 
water ^ the temperatuie falls below freezing-point and freezes the 
’ water in the test-tube 

This IS the principle of many ice machines A freezing mix- 
ture — for example, ice and salt — is placed in a vessel protected 
' on the outside by some non-conducting material such as felt 
One or more of the solids passes into the liquid state, the neces- 
sary heat is taken from the mixture and the temperature falls 
The substance to be frozen is placed in a thin metal vessel, 
which IS dropped into the mixture r 

Fusion of ice — Seeing that eighty thermal units are required 
to melt one pound of ice, we conclude, and it can be proved 
by experiment, that when one pound of ice water freezes or 
solidifies, eighty units of heat are given up This is the reason 
why, when water is cooled down to 0° C , it does not at once 
freeze , every pound must lose eighty thermal units before 

r 
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solidification takes place The water is a storehouse of heat 
One cubic toot of water wei ghs lbs , and therefore m 
freezing gives up V = 5,000 thermal units, that is, 

sufficient heat to raise fifty pounds of water from the freezing 
to the boihng point The heat acts upon the surround- 
ing air and objects, and retards freezing When the tha w 
comes It is not sufficient for the temperature to rise above the] 
meltmg-point of ice , sufficient heat must be given to the' 
ice (eighty units for every pound) to melt it , thus the thaw is 
gradual 

^Ve have already seen that water, in freezing, expands and 
exerts great force ii cubic inches of water at 0° form 12 
cubic inches of ice at 0“ This expansion is the cause of the 
bursting of water-pipes at the time of freezing , the fracture is 
only made evident when the thaw sets in 

Cast iron expands on freezing , thus castings made with cast 
iron, ice, and similar bodies are sharp, showing all the marks on 
k the mould . Lead, gold, and paraffin contract on solidification, 

' and are unsuitable for castings Gold coins are stamped, not 

, cast 

Vitreon s Pusion — Ice, paraffin, lead, and many other solids 
pass abruptly from the solid to the liquid state Glass does not 
seem to have a definite melting-point , it first becomes pasty, and 
then p^ses gradually into a liquid state Iron passes through 
a similar stage it is this condition that enables these sub- 
stances to be welded Pitch and india-rubber are other well- 
known examples 

Examples IX 

1 Hot te-i IS slightly cooled by putting sugar into it Explain this 

2 A mixture IS made of 18 lbs of water at 20° C with 3 lbs of ice at 
0 ° C Ijnd thejemperature of the mixture 

3 Sulphur melts at 1 15° C At what temperature will sulphur beem to 
solidify ’ 

4 On freezing water in a closed glass tube, the tube sometimes breaks 
Why IS this’ 

5 Explain why water pipes burst during a frost 

6 The images on gold and silver coins are stamped , good castings 
cannot be taken Why ? Could you obtain a sharp casting of ice or of 
cast iron’ 
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7 I lb of Nvitcr and i lb of salt, both at ordinary temperatures, arc 
mixed Will the temperature of the mixture change ’ ^^^ly ’ 

8 What becomes oPthc heat that is used in melting icc ^ Is it lost ? 

9 ^^^1J does a block of ice lake so long to melt, c\en in a m arm room ’ 
Suppose heat continuallj poured into it, enough to raise the temperature 
o( a quantity of Mater equal to the solid part of block 3° C in a minute, 
how long Mould the block take to melt ’ (Latent heat of Mater = So° ) 

' '' lo Suppose you ha\e a cubic foot of ice at the melting tcniperatiirc, 

and that you gradually apply heat to it What changes of temperature or 
\ olumc does it undergo ' 

1 1 What IS meant by latent heal ’ Describe hoM to determine the 
latent heat of water 

12 Which will melt the more readily, a pound of lead or a pound of 
ice^ Why ’ 

* 'is 25 grams of copper at too® C are just sufRcicnt to melt 2 S75 grams 
of ICC at 0°, so that water and copper arc finally at 0“ Find the specific 
heat of copper 

Vaporisation — When a beaker of water is heated, tlic 
.following changes take place L— the temperature rises, the water 
' , expands, small bubbles of air dissolv ed in the w ater are expelled 
The small pieces of floating matter show that currents are being 
formed, the currents rise in the centre of the beaker and flow 
down the sides The water at the bottom becomes heated to 
boiling-point , bubbles of steam form and rise , these condense 
with a sharp sound before reaching the top , if these sounds 
be frequent, simmering ensues, if the temperature rises higher, 
and the bubbles escape from the surface, ebullition takes place 
^^^len boiling once begins, the temperature is at 100°, but it 
ceases to nse higher, no matter what heat is applied The 
heat now supplied seems lost, and we may assume that it is 
engaged in tearing the particles of liquid apart so that they may 
exist as vapour Other liquids behave in a similar manner 
w hen heated If a liquid pass from the liquid to the gaseous 
state quietly at the surface, as, for example, when the water 
from lakes and nvers changes into vapour, the term evaporation 
IS used Evaporation takes place more readily w hen the surface 
.s increased, when the temperature is raised, and when the 
atmosphere is dry 

' The temperature at which a liquid boils, is called boiling 
POINT 
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The boihng-point for any particular liquid is fixed, if the 
pressure remain constant , mc may proie this for any liquid by 
the aid of the thermometer, taking the precaution to test the 
tcniperature of the xapour, seeing that impurities affect the 
boilmg-pomt of a liquid (Seep lo) 

Water xaporises sIomIj even v\hen a considerable amount 
of heat is given to it 

'^he amount of hcat^ reqmttd to change one vmt of mass of a 
bqmd at its boihngpotni^ tnio vapour at the same tempetaitne^ ts 
called the latent hevt oi v'aporisation In the case of water 
It is frequentlj termed the latem heat or si e.\xi 

The change of.a vapour to a liquid is called condensation 
The vapour m condensing, gives up heat, equal to the amount 
necessarj’ to change the liquid to a vapour The rapid heating 
of a saucer placed against steam issuing from a vessel, and the 
severe scalds caused by steam, illustrate the great heat given 
up during condensation 

To find the latent heat of steam —We may cither find the 
amount of heat required to change i lb of water at ioo“ C 
into steam at ioo° C , or find the amount of heat given up 
when steam at loo® C condenses into water at 100° C The 
latter plan is the more convenient 

IS a 16-OZ flask (fig 21) , B, a wide lube to prevent condensed 
water passing into A , c, an 8-oz flask three parts full of watei 
Weigh A empty and when three parts full of water , the diflferencc 
IS the w eight of w ater Protect a from the heat of the burner by a 
sheet of tm Boil the w ater in C When the steam is issuing fi om 
the end of d, note the temperature of a, and then dip d into A , the 
steam condensing heats the water in A , lest w ith the thermometer , 
in about four or five minutes remove T> and note the finallcmpera- 
ture , weigh A and find the weight of steam condensed 

An experiment was so arianged that a contained 300 giams of 
water, Its temperature being 13° C At the end of the cxpeiimcnt 
the temperature was 520 C and 20 grams of steam had con- 


To heat 300 grams of water through 32° required 11,700 
umts oUieat , this heat was obtained from 20 grams of steam 
at 100 , condensing to water at ioo», and cooling from looo 
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1052“ In cooling it g'l^e up 20x48=960 units Therefore 
the difTerencc between 1 1,700 and 960 units, or 10,7 jo units of 
heat was obtained from the 20 grains of steam condensing 
Therefore i gram condensing gi\es up 537 units, and we 
conclude it takes 537 units to change i gram of water at 100“ 
into vapour at 100° By more accurate methods the latent 
heat of steam is found to be 536 

/jyhe latent heat of e\aporation of alcohol is 208 , of ether 
901 Practical use is made of the high latent heat of steam, m 
heating large masses of water steam enters bj pipes and 
quickly raises the temperature 



Aqueous Vapour — Water in the gaseous state is invisible, 
and IS called water vapour or aqueous vapour, the vapour 
as it passes along b (fig 2 1) cannot be seen, nor is it visible 
above the boiling water in a flask. IVhen aqueous vapour is 
cooled. It condenses into very small particles of liquid water, 
and IS frequently but inaccurately called steam 

The higher the temperature of the air, the greater is the 
amount of water vapour it can contain if the temperature of 
the air be lowered sufficiently, part of the vapour condenses 
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The temperature at which the vapour begins to condense, is 
called the PEW-PO iyT. 

In winter the aqueous \apour in a room condenses against the 
cold window pane Bring a glass of cold water into a room, the 
mpour in the room condenses on the outside of the glass , if neccs- 
sar\, lower the temperature of the water wath ice or a freezing 
mixture. 

I he air is saturated, when it can no longer take up aqueous 
\apour , the air is saturated m winter sooner than in summer 

When a gas expands and oxercomes a resistance, it does 
w ork, and in so doing its temperature falls W hen the cork is 
drawn from a bottle containing an> liquid under pressure, the 
neck IS filled with finelj condensed particles , the air above the 
liquid before the cork is drawn is saturated , the sudden cooling 
condenses part of the vapour 

Earn Snow — ^Thc air alw aj s contains w ater \ apour due to 
evaporation A mixture of water vapour and air is lighter than 
air alone , the la3er near the earth becomes heated, it expands, 
and becomes less dense than theh)ers above, the vapour- 
charged air therefore rises , the pressure upon it is reduced, 
further ex-ponsion ensues, and the mixture loses heat This fall of 
temperature aids the condensation due to the lower temperature 
of the higher altitudes, and the condensed vapour forms the 
fine particles of water called clouds If further condensation 
takes place the minute particles increase m size and fall as RAl^ 
^^^len the temperature falls below 0“ C the condensed aqueous 
vapour freezes as sniall crystals, the cr)’stals unite and form 

SX^V' 

'''Treezmg byJEvaporation —The heat necessary for ev apora- 
tion must come from somewhere— it ma) come from a flame, or 
It maj come from neighbounng bodies, and thus lower their 
temperature, even to freezing-point 

Spnnkle ether on the mercur> thermometer, and on the air 
thermometer, also on the hand Explain whj the thermometers 
indicate lower temperatures and the hand feels cold Use water 
instead of ether 

Hammer a thin piece of copper into a shallow capsule, c 
(fig 22), float It on a little water poured on a block of wood, B, 

D 2 
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and pour tirbon disulphide into the capsule, with a bellows, N, 
blow across the carbon disulphide , it e^ iporates, abstracts heat from 
the water, and the water freezes to the wood Perform the CNpcri- 
ment in a draught cupboard or in the open air Ether ma> be 
substituted for carbon disulphide, but it is not so cffectii c 

/ In tropical countries the waler-jars arc 
made of unglazed cla> The tiatcr oozes 
through the pores of the claj and c\apo 
rates on the surface, the heat necessary 
for e\aporation is taken from the water, 
which IS therefore kept cool The cooling 
l« — effect of a shower of rain on a hot day, is 
J another illustration of the latent heat of 
evaporation 

The hoiUng-pomt depends upon the pressure V— Repeat 
the e\periment on page lo, increased pressure raises the 
boiling-point, and we might infer that diminished pressure 

r lowers the boiling-point 

Under ordinary conditions, 
when we do not note very' 
minute changes of tempera- 
ture, the boiling point of 
water is loo” C At the 
hospital of St* Gothard, water 
boils at 91 5® C , at Potosi, in 
Peru, It boils at 86° C , and 
we infer that at both these 
places, the pressure of the 
atmosphere is less than it is 

, ^ ^ ip England From other 

observ'ations w e know tliat at 
r these and other places above 

sea-level, the pressure of 
the atmosphere is less than at 

Fjo 23. Boil water bnskly for five 

minutes m a round-bottomed 
fiask , while boiling insert a good india-rubber cork and at the same 
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moment icmo\e the lamp , imert the flask and let it cool When 
the boiling has ceased and the temperature has fallen, pour cold 
water on the top The water inside the flask again begins to boil 
Pour hot water on the top , ebullition ceases (fig 23) 

Before pounng cold water over the flask, the pressure was 
suflScient to pre\ent boiling The cold water condensed part 
of the \apour, and reduced the pressure sufficiently to produce 
ebullition 

If a strong flask containing warm water be connected with 
a good air-pump and the pressure be reduced sufficiently, the 
water begins to boil Interpose an intermediate empty flask 
between the pump and the warm water to prevent the water 



vapour from passing into the interior We can perform the 
experiment by the follow ing simple means 

Boil water m a flask, A, and let it cool down to about 60° C 
Boil briskly the water m c , close the clamp B upon thick-w'allcd 
india-rubber tubing , remove the burner, and at the same moment 
insert the glass stopper D When C cools and the vapour in it 
condenses, connect the flask A Open the clamp The low ei mg 
of the pressure causes the w ater m A to begin to boil (fig 24) 
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The boihng-point of \\ater enables us to approximately 
determine heights If water boil at 100° at the sea-level, i,oSo 
feet above the sea-level the boiling-point will be 99® , thus if 
the boiling point be found to be 90®, the height is approximately 
1,080 feet X 10 

Under ordinary pressure, liquid ammonia boils at 40® C , 
ether at 35® C , alcohol at 78® C , water at 100° C , and mercur)' 
at 380® C 

Papin’s digester — ^This apparatus is used for extracting 
gelatine from bones, or, in a modified form, for cooking on 
high mountains, where the heat from water boiling m an 
open vessel is insufficient for many cooking operations 

If the pressure be in- 
creased the boilmg-pomt is 
raised 

The cover of the metallic 
v'essel M (fig 25) IS fastened 
down by a screw The lev er b 
presses upon a rod », whose 
base is a valve pressing upon 
a hole in the cover As the 
pressure increases, it raises u 
and the steam escapes The 
pressure is regulated at five to 
SIX atmospheres by the w eight/ 
The water can thus be heated 
in to 200® C 

^SistiUatioa is a combina- 
tion of vaponsation and con- 
densation The heated liquid 
passes into vapour, and the 
vapour, free from impunties, 
IS again condensed by cooling the receiver The water 
obtained by distilling salt and water, for example, is free from 
salt If a mixture be made of liquids having different 
boiling-points, the liquid with the lower boiling-point distils 
first For example, the alcohol of an alcoholic liquid distils 
at 78® (the boiling-point of alcohol), accompanied by a small 



Fig =s 
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portion of the ^\ater A simple distillation apparatus is shoA\n 
in fig 26 A IS the retort, and b the receiver 



The Cryophorns — A bent glass tube is pro\ided\\ith a bulb 
at each end (fig 27) Water is placed in one bulb and is 
boiled until all air is expelled from the apparatus, the small 
opening that Ins been left is then scaled , the cr) ophorus 
therefore contains only iiater and water vapour. 

Place the water in one bulb, \, and insert the other bulb in icc, 
or better in ice and salt The water in a soon freezes 

The ice condenses the vapour in the covered bulb, the 
pressure is reduced and evaporation 
takes place from the water in a, the 
vapour formed is immediately con- 
densed , heat IS thus continuously taken 
from the water in A, its temperature falls, 
and It ultimately freezes 

If the outside of the bulb, a, be 
observed, it w ill be found that it is soon 
covered w-ith a film of motsture, due to 
the aqueous vapour in the atr condens- . . 
mg If a thermometer w ere inside the 
bulb A, we could determine the exact 
temperature at w'hich this condensation begins , and if from 
any cause air were reduced to this temperature, moisture would 
be deposited This temperature is called the Dew-point As 
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the temperature of , a falls the moisture, upon its surface freezes, 
and It becomes covered with snow 

Hygrometers — A h\grometerzj an instrmnent fot deter 
mining the dew-point 

I Daniell’s hygrometer is ajcrj'ophorus containmg^ether a nd 
Its vapour , a delicate thermometer is fixed in one bulb, A (fig 28), 

the bulb B is covered with cambrio- 
upon which ether is poured, the ether 
ev aporates and cools B, the vapour m 
B condenses and evaporation takes 
place from A, therefore the tempera- ’ 
ture of A falls When dew appears 
on A the temperature, as indicated 
by the enclosed thermometer, is 
taken On ceasing to pour ether 
on B the temperature of A rises 
again When the film of dew dis- 
appears the thermometer is again 
read , the mean of the two readings 
IS the dew-point The thermometer 
on the Stem gives the ordinarj’’ tem- 
perature of the air 

Examples X 

I A flask containing w ater is heated 
When the water boils, the flask is care 
Fjc s 8 fully closed with a cork and remoied 

fiom the flame Explain wh}, when 
the flask is dipped into cold water, the water inside again begins to boil 

2 Explain whj , m order to cook food by boiling at the top of a high 
mountain, jou must employ a different method from that used at the sca- 
leiel 

3 What is meant by the ‘ boiling point ’ of a liquid ’ How is it affected 
’ bj change of pressure ’ 

4 Explain exactly the nature of boiling Is it possible to make luke 
warm water boil without heating it, and, if so, how’ 

5 What IS the difference between exaporation and ebullition’ 

6 xV beaker containing water IS heated by a Bunsen flame A Centi- 
grade thermometer, placed in the water, rises to 100°, but no higher, and 
the water begins to boil ^^^lat is the reason that the thermometer does 
not rise higher than 100°’ and what becomes of the heat which is thus 
apparently lost ’ 
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7 I once went into 1 room, the doors ind \smdo\\s of which hid been 
kept shut for some time, ind the temperature of which was So° F I took 
some water (also at So”) and sprinkled it o\er the floor, and the tempera- 
ture at once fell sc\cral degrees flow do jou explain this’ 

S \Miat IS meant bj the ‘latent heat of saporisaiion’^’ If the latent 
heat of \ apon-ation be 966 when one degree Fahrenheit is the unit of tem- 
perature, what will it be when one degree Centigrade is the unit’ Would 
}our result be different if the unit of mass had been change I ’ ^ 

9 If }ou dip jour hand into lukewarm water and then expose it to the 
air, the hand feels cold If jou make the same experiment with ether the 
hand feels much colder on exposure Explain these facts 

10 ITow would JOU obtain pure water from sea water? Wiat becomes 
of the heat m distillation that is gi\cn up during condensation ’ 

^ Describe the changes which take place when heat is applied to one 
pound of ICC at 0° C , until it is conserted into \apour 

12 Describe 'distillation ’ IIow could a liquid be distilled at a tem- 
perature (rt) below Its ordinarj boiling point, and (/») abo\e its ordinarj’ 
boiling point ’ 

^ gram of steam at 100° C is added to 100 grams of water at 0° 
C , find the tcmiierature of the mixture 

14 ITow much steam at 100° is required to niclt to lbs of ice at 0° C ? 

15 What IS the dew point’ How 1$ it determined ’ 
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CHAPTER V 
TRANSMISSION OF NEAT 


Convection — In ebullition, heat is earned from one part of 
the water to another by the heated particles of water Transfer- 
ence of heat by particles is called convection 

Select a beaker as wide as possible, and pour slightly wanned 
water into it Dip a test-tube containing pieces of ice into the 
water near the top (fig 29) 

Convection currents, made visible by the impurities in the 

water, will be seen moving in the 
direction of the arrows The 
water near the test-tube is cooled. 
It contracts and becomes denser 
than the water below it , it there- 
fore sinks and other water flows 
to take Its place 

Remove the test-tube and heat 
the bottom of the vessel with a small flame , again the currents 
circulate 



The heated water expands and becomes less dense than 
the water above it , it therefore rises to the top The test-tube 
represents the ice of the polar sea , currents from the equator 
to the poles are caused by the cooled water sinking, and the 
surface water flowing to take its place The direction of the 
ocean currents is further affected by the motion of the earth, 
winds, and the shape of the land 


Heating mth hot water -The apparatus m fig 30 explains 
1 self A IS an inverted bell-jar , b an 8-oz flask Fill all with cold 
water, and see that all bubbles of air are forced out of B Colour 
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ihe vrsitz in A and heat the iiasfc E The hot vater rises in the 
t7-Is*ed tcbe, and cold ’-ater descends by the straight tube. E 
represents the bo ler of a 
heating apparatus A the sup- 

astern. 

The p.pe from the sup- 
ply astern alrrays runs to 
the bottom of the boder. 

The tube carrying the hot 
vrzter should be so placed 
that there is a contmual 
ascent ^ it raxist not bend 
dorntrards Thehottrater 
in the pipes cools slorrlv 
and. on account of its high 
speafic heat, gives up in 
cooling Its heat to build- 
ings. and enters i compara- 
tively cold. 

Convection in Gases. 

Ventilation- — Tne ascent 
of heated air can be ob- 
served bj ho^dingsmoalder- 
ing paper near a liarae. The heated air e>pands and becomes 
less dense than the surrounding air the denser cold air s»nks 
and forces the heated air upwa^ A draught is a form of con- 
vection m air, a current of cold air comes from the vrndo— s and 
COO’S, to tal.e the place of the heated air rising m the ch.mnev 
A c^dle bums brighter if a tube is held over the Same * the air 
in the mbe becomes heated- rises and a greater amount of fresh 
air feeds the candle the canole represents the fire, the tube the 
chimney. If pert of the tube be heated, the draught is im- 
p'oved ; nentilating shafts ha\e. therefore, frequently a gas jei 
burning^ m them. Combustion can onh continue if tne air be 
re-icived, so as to supph, sufraent oyygen to the fiame a 
I gnteo candle lo-ered into an eraptj bottle soon goes out. * 



® ® ^ it. Surround 

e ca-ncle nta vater and place a lamp-giass o er the cardie. 
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although the glass is open at the top the flame is soon e\tinguished 
Repeat the experiment, but introduce in the middle of the glass a 

cardboard diaphragm 
A B , the candle con- 
tinues to bum Hold a 
piece of smouldering 
paper or a lighted taper 
at the sides of the dia- 
phragm You will dis- 
co\er that there is a 
down and an up draught, 
and thus the supply of 
fresh air is renewed to 
Fio 31 the candle (fig 31) 



Some mines are ventilated on this principle, at the bottom of 
one shaft c (fig 32) a fire is kindled, this causes an up draught, 
and pure air mshes down the other shaft a to take its place 
This IS a dangerous method if the gas in the mine be explosive 


A c 



Fig 32 


Convection of air is the cause of winds 
GonducUon —If one end of a poker be put in the fire, the 
other end soon becomes heated The heat travels along the 
iron, from particle to particle Transference of heat m this 
manner is called conduction The end of a short poker soon 
becomes so hot that it fiannot safely be touched, but we can 
touch the end of a piece of wood, of equal length, similar!} 
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treated , wc conclude that iron is a better conductor of heat 
t hnn ood 

T\\ ist ihc ends of a copper and iron w irc together, heat the joined 
ends in the flame After some time, note the point in each farthest 
from the flame wlicrc an ordmarj match can be ignited njlhout 
friction, 01 find the point on each t.hcre solid «a\ just melts 


In an experiment, a match ignited at a distance of twelve 
inches on the copper wire and si\ inches on the iron wire , 
copper IS therefore a belter conductor of heat than iron 


Fasten a c>hnder of wood into a br iss tube so tint the outside 


diameters arc equal Wrap a piece of white paper tightlj louiid 


the junction and applj a fl imc 
(fig 33) The paper round the 
wood IS scorched, while that 
round the brass is not 

Brass is a good conductor, 
and conducts heat awa> so 
rapidly that it cannot burn 
the paper, wood being a bad 
conductor does not conduct 
heat away so rapidlj, and 
consequently ilie paper is 
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burnt A h\e coal mat be dropped upon a piece 
of muslin spread upon a block of lead without 
injuring the muslin , water may be boiled in paper, 
and lead melted in a pill-bo\ , in each case heat is 
conducted away so rapidly bj the lead and water 
that the muslin, the paper, and the pill-box arc un- 
injured 

Wrap a thick coppei wiresiv times round a pen- 
holder, pass the helix o\ci the wick of a hgliied candle 
without touching the flame , the candle is cMinguishcd 

The copper conducts the heat away so rapidly 
that there is insufTicicnt heat to support combus- 
tion The experiment fails if performed with iron 
wire Why? 
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To compare the conduotuig power of solids— Clamp the 
air-thermometer securely, and place a cylinder of lead on the top 
Heat a copper cylinder in boiling water, hold it a minute in the 
steam to dram, place it on the lead, and wait two minutes (fig 34) 
Note the depression of the liquid in the tube Remove the cylinder 
and wait until the liquid in the stem is at its onginal position 
Perform the same experiment with similar cylinders— copper, brass, 
iron, tin, cork and wood— in place of the lead, always using the 
copper cylinder at 100 ° as the heater Cylinders of cork or wood 
arrest nearly all the heat 

By these experiments, we can arrange the substances m the 
order of their conductivities The order will be copper (best con- 
ductor), brass, tin, iron, lead, bismuth, wood, cork In all experi- 
ments on conductivity the flow of heat must be steady A thin 
layer of bismuth will conduct heat quicker than an equal layer 
of copper , but after a time, when the flow of heat is steady, the 
flow along the copper is much greater than that along the bis- 
muth 

The Safety Lamp — Lower a square of iron (brass is better) 
gauze wire with a close mesh upon a gas flame The flame bums 
below the mesh Put out the gas, and then turn it on Place 
the gauze two inches above the jet and light the gas above the 
gauze , the gas bums above, but does not ignite below the gauze 

(fig 3S) 

The gauze conducts the heat away so rapidly, that the 
temperature does not rise high enough to ignite the gas below 
The safety-lamp used by miners is surrounded by a gauze 
of close mesh , it is lighted before the mine is entered, and 
locked Even if surrounded by an inflammable and explo- 
sive gas, the heat is conducted away so rapidly that the gauze 
IS never heated sufficiently to ignite the gas on the outside 
The flame goes out from lack of oxygen when the air becomes 
impure, and the appearance of the flame is an indication of the 
danger to which the miner is subjected A strong w md, or a 
sound-wave caused by an exploding shot, may force the flame 
against the mesh, heat it or even force it through, and thus 
cause an explosion , this is a source of weakness in the Davy 
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lamp and endea^ou^3 are being made to render it perfectly 
safe 
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Conductivity of liquids — Pass ihc air-ihcnmomcicr through 
a bell-jar as in fig 36 Fill the jar nearly to the 
top i\jth water float a snT»ll dish on the top con- 
taining alcohol , Ignite the alcohol 

The index docs not mo\e, showing that water 
IS a X ery bad conductor of heal 

Replace the water with mercury, and repeat the 
experiment , the index moi es at once 

\Vater and liquids generally are bad con- 
ductors of heat. Mercury is an exception but 
remember mercury is a metal 

^\rap copper wire, or strips of lead, round a 
piece of ice , sink it in a test-tube containing 
water (fig 37) Heal the water in the upper part of the tube v iih a 
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small flame, it can be raised to boiling-point without melting the 

ice, the water conducts so little of 
the heat In the e\pcriment with the 
air-thermometer, place ice and salt m 
the basin , the indc\ rises 

This IS, however, not conduc- 
tion but convection , the water be- 
comes denser, sinks, and then affects 
the thermometer 

Conductivity of gases — ^The 
conductivity of gases is less than that of liquids , in both, heat 
IS, as a rule, transmitted by convection or radiation 

Cut a solid piece of linue ^ inch thick, place it in the hand, and 
touch the upper surface w ith the point of a hot poker The heat 
soon affects the hand Cover the hand loosely with powdered lime 
to the height of |-inch, and put the point of the hot poker upon it 
The air among the lime refuses to conduct the heat, and the hand 
IS not burnt 

Examine the shadow of a red-hot poker , the light passing 
through the heated air surrounding the poker will be refracted, and 
the parts near the dark shadow will be confused 

This confusion extends a very short distance below the 
poker, and w'e conclude that the air conducts heat badly , 
above the poker it extends further, but this is due to the hot 
currents rising — that is, heat is being transmitted by convection 

Illustrations — ^The feeling of w armth or coldness is due, 
in a great measure, to conduction On a cold daj, a piece 
of iron feels cold while ffannel feels warm , the metal con- 
ducts heat rapidly away from the hand , the ffannel, being a bad 
conductor, removes but little heat IVhen both are placed 
near a fire we can barely touch the iron, it readily gives up 
heat, the flannel causes little discomfort, the heat of the part 
we touch flows slowly to the hand, and this loss is not replaced 
by conduction from the other parts 
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Examples XI 

r In the coldest or hottest ^^eather }ou can handle wood without dis> 
comfort, but not metal How is this’ 

2 How would jou compare the conducting power of zinc and siher’ 

3 How would }Ou show that (a) mercurj is a good conductor and 
\fi) water is a had conductor’ If mercurj and water be both at the 
temperature of the room, the mercury feels colder to the touch than the 
water WTij ’ 

4 Explain the construction of the safctj^lamp 

5 ^^^l) are gas jets placed in xenlilating shafts’ 

6 AMiy IS It difficult to boil water in a ‘ furred ’ kettle ’ 

7 ^\^len xerj short cjlinders of lead and copper are placed with one 
end of each in contact wuih a hot bodj, it is found that the other end of the 
lead cjlinder gels hot soonest, whereas with longer cjlinders of the same 
metals the rexerse appears to be the case Explain the reason of this 

S Explain, by the aid of a sketch, how a building is healed bj hot 
water carried in pipes from a boiler in the basement of the building 

Eadiation.’ — If the air be a bad conductor of heat, how 
does the heat from the fire reach us ? not by convection, as the 
currents of air generally flow towards the fire The heat of the 
sun warms the earth, and yet between our atmosphere and the 
sun there is no medium that conducts heat A screen lield 
between oursehes and a fire at once cuts off the heat , a sun- 
shade acts similarly on a hot day On high mountains, the 
heat from the sun is frequently oppressive, while a few yards 
away m the shade it is intensely cold We conclude that heat 
passes through the air without heating it, and is only felt when 
stopped by our bodies or some other object It is believed that 
heat IS propagated by waves, and for the time being is not 
sensible heat, these weaves strike a body and heat it This is 
analogous to the propagation ofhght Waves of light are not 
^visible , we are only conscious of light when the waves strike 
an object and it becomes luminous Heat transmitteu m this 
way by wave motion is called radiant heat 

B>eflection. of B.adiant Heat — Radiant heat is reflected like 
light, the law's of reflection being the same They can be 
illustrated as follows — 

• Radiant heat should be studied afterthe chapters on wavemotion and 
light ^ 


£ 



A divided semicircle is drawn with chalk upon a table, and tw'o 
large tin tubes are placed upon it as in fig 38 The di/Tei-ential 

thermometer is placed at T, 
c and a red-hot ball at c , Mis 

\ / reflector (a sheet of brass or 

blight tin) When both tubes 
make equal angles with the 
normal Mo, and only then, 
thermometer affected 

™ ^ ^ By using sheets of brass, 

tin, and cardboard covered 
with lampblack in turn, you can observe the effects produced 
upon the differential thermometer by a hot body c , you w ill 
find that polished brass is a good reflector, tin plate a fair 
reflector, lampblack a bad reflector 

By the aid of the concave mirrors, it can be showm in a 
striking way that radiant heat Is reflected in the same manner as 



light At one focus (fig 39) a hot ball n is placed, at the other 
apiece of phosphorus, m, which is at once ignited Point one 
mirror to the sun, pieces of wood and paper can be readily 
Ignited at the focus 

As the result of experiments substances have been arranged 
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according to their comparative poi\ers of reflectmg radiant 
heat 


Polished Brass 

lOO 

Lead 60 

„ Sliver 

90 

Glass 10 

„ Tin 

80 

Lampblack 0 

„ Steel 

60 



Absorption and Radiation — If a bright brass vessel, a 
bright tin vessel, a tin vessel covered with tissue-paper, and 
a tin vessel covered with lampblack be filled with water at roo°, 
and then left for ten minutes, it inll be found that the water 
IS hottest in the brass, and has lost most heat in the vessel 
covered with lampblack Now fill the same vessels with cold 
water and put them upon a plate kept hot with a flame, or put 
them m front of a fire , in ten minutes test with the thermo- 
meter, and you will find that the water in the vessel covered 
with lampblack is the hottest, and that in the brass vessel is 
the coldest That is, good reflectors such as polished brass 
and tin are bad absorbers and bad radiators of radiant heat , 
while bad reflectors such as lampblack and rough paper are good 
absorbers and good radiators 

The radiating power of a body is largely affected by the 
surface If the surface be made smooth, its reflecting power 
is increased, l^hlle its radiating power is decreased 

Diathermancy — Radiant heat is transmitted through the 
atmosphere and passes generally through glass Ice transmits 
rays of light, but does not transmit rays of heat 

Bodies that transmit radiant heat are called diathermanous, 
those that do not are called athermanous Radiant heat is 
either reflected, transmitted, or absorbed, thus a sheet of ice is 
rapidly melted by the rajs of the sun, on account of the heat 
absorbed, while the ivindow-pane remains cold when the sun- 
beams are shining upon it, showing that few rays are absorbed, 
most are transmitted The amount of heat transmitted depends 
upon the condition of the source of heat , glass transmits fairly 
well the radiant heat from the sun, and the interiors of rooms 

are heated, but the heat rays from the furniture and walls 

objects at a lower temperature— are unable to pass through the 
glass Heat, therefore, accumulates in the room 
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Aqueous ^apour transmits freely the heat from the sun 
(body at a high temperature) during the day, but it senes as a 
screen to prevent radiation at night, being athermanoiis to heat 
from sources at a lo^^ temperature 

‘Remoie for a single summer night the aqueous lapour 
from the air that overspreads this country, and ) ou ^\ ill assuredly 
destroy c\erj plant capable of being destrojed by a freezing 
temperature The warmth of our fields and gardens avould 
pour Itself unrequited into space, and the sun would rise on an 
island held fast in the iron grip of frost The aqueous vapour 
constitutes a local dam by which the temperature of the earth 
is deepened , the dam, howeaer, finallj overflows, and we give 
to space all that w e recciv e from the sun ’ * 

Winds — ^The earth is heated at its surface bj the rajs of 
the sun, land and water receiving the same amount of heat for 
equal areas , this heating is greatest at the tropics The heated 
earth heats the lajer of air near it, this laver expands and 
becomes less dense than the air from the temperate and polar 
regions that rushes in to take its place, the motion of the wind 
being modified bj the rev olution and shape of the earth 

Land and sea breezes — During the day the land absorbs the 
heat of the sun , its specific heat being low it is soon heated and 
Its temperature rises The w ater reflects most of the sun’s heat j 
this, combined with its high specific heat and its motion, pre- 
vents any marked change in its temperature The air above the 
land is thus heated more than that above the water, it ascends 
and a breeze sets in from sea to land At night the earth 
radiates its heat rapidlj and the sea slowly , soon the tempera- 
ture of the land falls below that of the sea, and a land breeze 
ensues 

Mechanical equivalent of Heat— In the first section of 
the w ork it is seen that when w ork is done bj' friction, hammer- 
mg, etc , heat is produced Dr J oule made a falling w eight turn 
a paddle m a vessel of water, the weight being attached to a 
cord that passed round the axle of a wheel connected with the 
paddle, he knew the work done by the falling weight and 
observed the nse of temperature in the water From an enor- 
* Tindall, Heat a lilode of JMotion 
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mous number of experiments he deduced that i lb falling 772 
ft, or 772 lbs falling i foot, is capable of raising the tempera- 
ture of I lb of Mater i® Fahrenheit 772 ft -lbs of work is 
the mechanical cqunalcnt of heat on the Fahrenheit scale 
1390 ft -lbs of Mork (772 X ■?) Mill raise the temperature of i 
lb of Mater I® Centigrade These are important numbers in 
phjsical science Suppose mc find that an electric current is 
capable of heating 2 lbs of Mater through 3® Centigrade in one 
minute. Me deduce that the mechanical cqui\alcnt of the 
current is 6 x 1390 ft -lbs of Mork per minute 

In a steam-engine the heat from the combustion of coal, 
heats the Mater and changes it into steam, the pressure of the 
steam mo\es the piston and the engine does MOrk , let us 
suppose that it raises a m eight The energy of the coal is 
transformed into the energy of the steam, this in its turn is 
changed into the energj possessed bj the m eight by Mrtuc 
of Its position Theoreticalh, in a perfect engine the energy 
of the coal Mould cxactlj equal the energy of the m eight, Mcrc 
It not that part is transferred by friction of the parts of the 
machine into heat, Mhich heats the machine but docs no useful 
Mork 

It M ill form a useful exercise to calculate the amount of heat 
required to change i lb of ice at o® I into steam at 212® F 
The specific heat of ice is 5, the latent heat of ice is 144 
(on the Fahrenheit scale) , the specific heat of Mater m c may take 
uniformly as i , the latent heat of steam is 965 (Fahrenheit scale) 

Thermal 

units 

1 To raise i lb of ice from 0° F to 32° F 

(melting-point) requires 5x32 =16 

2 To melt I lb of ice at 32® F into Mater at 

32° F = 144 

3 To raise i lb of Matei from 32® F to 212® 

F (boiling-point) — 180 

4 To change i lb of Mater at 212° into steam 

212® F = 965 

1305 


Total 
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The mechanical equivalent of the thermal unit on the 
Fahrenheit scale is 772 ft lbs, therefore to effect the above 
change would require 772 x 1305, or 1,007,460 ft -lbs of work 

An engine of one horse-power does 33,000 ft -lbs of work 
per minute It would take such an engine more than half an 
hour to effect the changes 

Kxamiles \II 

1 VTlij IS gliss used in 1 greenhouse ’ 

2 £\plain Franklin’s expcnracnt lie placed several pieces of coloured 
cloth upon snow when the sun was shining , he found that the darker pieces 
sank farther than the lighter ones 

3 Polished fire irons in front of a big fire arc cooler than rusted lire 
irons Give the reasons 

4 Is bnck or polished steel the best substance for the Inck of a fire- 
place ’ 

5 Neglecting the weight, wall a helmet of polished brass or one of 
white cloth be the cooler in the sun’s rajs ’ Wlij ’ 

6 Explain how to determine the emissive powers and the absorbing 
powers of substances for radiant heat, and state the relations which exist 
between them 

7 How are the radiation, reflection, and absorption of heat related to 
one another’ 

8 'Will water boil as quickly in a bright metal kettle as m a kettle that 
IS blackened with use’ Which will retain tlie heat the longer after thej 
are removed from the fire’ 

9 Should a kettle intended to be heated by standing m front of a fire 
be bnght or black ’ State fully the reasons for your answ er 
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CHAPTER I 

PRODUCTION AND SPEED OF SOUND 

Vibration. — The pendulum of a clock swings from side to 
side and as long as the length remains constant, it makes a 
fixed number of swings e\ er) minute The motion from one 
side to the other is called an osallatton , a motion from one 
side to the other and back again is called a vibration 





* Fig ,0. 

The cause of sound — ^The xibrations (from t.x.o d and back 
to €) caused b} plucking a tightl} stretched cord are so rapid 
that we are unable to count them (fig 40) A sound due to 
the vibrating string is 
heard That a wane-glass 
\ibrates, when it nngs, is 
easily shown (m fig 41 
a beU-jar is used) j a small 
bead is placed inside the 
glass on sinking the jar 
with a piece of wood, it 
nngs,and the bead is forced from place to place bj the vibrations 
The xabrations of plane glass or metal plate can be beauti- 
fulli demonstrated, by a method due to Chladni 
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Grind the edges of a glass phte,9" square, smooth, on a grind- 
stone , place the glass on an ordinary reel Spnnkle fine sand upon 
Its surface and press the centre finniy w ith tlie thumb Let an 

assistant touch it at one part, -while a 
viohn bow is drawn o\er another part 
In fig 42 the plate is attached to a 
stand The simpler method gn en abo\ e 
IS sufficient 

When a sound is produced, the 
particles of sandare thrown into move- 
ment They move from the parts 
of the plate that vibrate, and collect 
along lines where there is no motion 
The vibrations of a tuning-fork 
are sufficiently marked to force away 
a suspended bead, 

A body that emits a sound is 
called a sonorous body All sonorous 
bodies are in a state of vibration Sounds are caused by rapid 

vibrations 

Sound IS not produced in a vacuum — Each v ibration of a 
sonorous bod) gives a push to the air, and the air transmits 
the pushes to the ear , the air, or some other medium, is essential 
When an alarum is rung under the receiver of an air pump, the 
air being exhausted, scarcely any sound can be heard If the 
air could be completel) exhausted, and the alarum suspended, 
so that the vibrations were not transmitted by the solid parts 
of the air-pump, no sound would be heard (fig 43) This 
can be illustrated by a simple piece of apparatus 

A strong flask is piovided with a good india-rubber cork having 
two holes (fig 44) A piece of glass rod passes througl one hole, 
and is connected with a toy bell bj india-rubber tubing The 
cork is •inserted, the bell rung by shaking the flask, and the 
sound produced noted The bottom of the flask is then covered 
with water, and the whole warmed , it is then held ov er the naked 
flame, and while the water briskly boils, the flask is removed from 
the flame, and at the same instant a glass stopper is inserted m the 
other hole. 
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As the flask cools the -vrater condenses, and lea\ es a good 
vacuum that fails to conduct sound On shaking the flask, the 
sound produced is feeble compared with the sound heard when 
the flask contamed air 


Havnng remoi ed the stopper (first warm the apparatus), empty 
and drj the flask and hold it o\ era gas jet , when full of gas replace 
the cork and nng the bell 



Fig ,3. Fig — f . 


The sound is louder than that produced in the vacuum, but 
feebler than when the flask was full of air If filled with hj - 
drogen, the sound is feebler than vnth coal gas , on the contraij’ 
if filled vnth carbonic acid gas the sound is louder Coal gas 
and hv drogen are lighter than air while carbonic acid gas is 
heavier than air 

The loudness depends upon the density of t1i& gas, f/i which 
the sound mtginates, and not upon the gas (air) surrounding 
the person who hears the sound 

The air becomes rarer as we ascend , on verj* high mountains 
the report of a pistol shot is not louder than that of a good pop- 
gun If however, a cannon be fired in the vallej the sound 



58 


Sound 


heard half a mile ai\aj, on a mountain-top, is as loud as that 
heard by a person in the vallej an equal distance away 

The speed of sound in air — The flash of lightning is seen 
before the sound of the thunder is heard We may observe a 
workman at a distance deliver a blow before we can hear the 
sound produced by the blow If a sea-target, a cannon, and a 
spectator be placed at the corners of an equilateral triangle, the 
spectator sees first the flash, then the column of water caused 
by the shot striking the sea, and last of all hears the report 
The speed of sound in air is therefore less than that of light, 
and less than the speed of a cannon ball A bird within range 
has no intimation of danger by the report preceding the shot 
In order to determme the speed of sound m air, the dis- 
tance between two places is exactly measured A cannon 
is fired at station a, and an observer at station b notes how 
long the report is after the flash is seen , a cannon is then fired 
at B, and an observer notes the time at a and the average 
result IS taken For example if two stations were 60,000 ft 
apart, and the report was heard fifty-five seconds after the flash 
was seen, the speed of sound would be feet per second 
— ^that IS, nearly 1,100 feet per second Experiments have 
shown that the speed is greater on hot than on cold days At 
0° C the speed is 1,090 feet per second To find the speed at 
any other temperature add 2 feet for every degree above 0° 
C , thus the speed when the air is at 15° C is (1090 -1- 30) 
feet per second ' Sound travels quicker w ith the wnnd than 
against it 

All sounds, whether high or low, travel at the same speed, 
otherwise it would be impossible to distinguish a tune played 
by a band at a distance , the sounds would intermingle 

The speed, of sound in water — Liquids transmit sounds 

Close a glass tube 18' long, y' wide, at one end, fasten it 
perpendicularly by wax to a thin deal board, about 2 feet square, 
and fill it wath water Rest the board upon three corks Arm the 
stem of the tuning-fork with a cork cone Stnke the tuning-fork 
and observe the loudness of the sound when the fork is held in the 

* Light travels so rapidly (186,000 miles per second) that the time it 
takes to travel any ordinary distance may be neglected 
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hand, strike it and rest it on the board, the sound is reinforced 
Again stnke it, and plunge the cone into the w ater in the tube. The 
sound is transmitted bj’’ the nater to the soimding-board, and the 
mcrease m intensiti* is e\ ident 

By evpenments similar to those for determining the speed 
of sound m air it has been found that the speed of sound in 
■water is 4,700 feet per second — that is, about four times the 
speed of sound m air 

The speed of sound m. solids — It is a common C'qienment 
for one pereon to place his ear against a telegraph post, -while 
another strikes the next post Two sounds are heard the 
first, the more distinct, is transmitted bj the wire, the second 
b) the air Sounds travel quicker in solids than in air, and are 
conveyed with greater mtensity 

Stake a tuning-fork and rest its root on one end of a deal rod , 
place a thin square board on and off the other end The sound 
ttaiels along the rod, is communicated to flie board, and the inten- 
sitj increases 

The speed of sounds m sphds is so great that methods 
similar to those for determining the speed in air and water 
cannot be used with accuiac) The speed of sound in iron is 
about 17,000 feet per second, and m copper 11,000 feet per 
second 

Examples I 

1 Hon would }ou show that sound is not transmitted hj a \acuum ’ 

2 Give some familiar endence that sounds of all kinds travel nearly 
at the same rate. 

3 Descnbe any expenment which occurs to 3 ou for showii^ that sound 
IS capable of being transmitted through liquids 

4- Explain in -what way the \eloatyof sound in water has been experi- 
mentally determined 

3 Vou see a flash of lightning and you hear the thunder which follows 
ppposingthe velocit) with which the sound of thunder travels through 
to oe known, how would you determine the distance of the lightning 

6 The temperature on a certain day is is® , the report of a gun is 

heard 6 secs, after the flash is seen. How far is the spectator from the 
gun» 

♦1,- L distance from a quarry, I hear two sounds foUowing 

the blow the workman gives to the rock- Explain this 
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CHAPTER II 

TRANSMISSION OF SOUND-WAVE MOTION 

Water-waves — vertical waves — When a stone is thrown 
into a pond, waves proceed from the point where the stone 
strikes the water to the margin of the pond, pieces of wood 
or leaves that may be floating in the water are not washed to 
the bank, they simply move in a path that is more or less cir- 
cular and return to their original position^ their average posi- 
tions remain fixed If a patch of water be blackened with ink, 
the wave m moving over the patch does not force it onward 
The form of the wave moves fonvard , the particles of water 
that form the wave merely mote up and down 

Waves cross a field of long grass under the influence of 
the wind , the form of the wave alone moves forward, the tips 
of the grass do not^move onward A bargeman, when he 
ivishes his rope to clear an obstacle, sends a wave along it, 
the rope itself does not move fonvard 

Fasten a leaden bullet to a fine piece of cord suspended from a 
hook, so that the distance from the point of suspension to the 
centre of the bullet is thirty-nine inches Set it swinging, and note 
the time it takes to moi e sixty times from side to side , it w ill be 
about one minute 

This pendulum z'dta/es once everj two seconds, and osal- 
lates once per second Give the bullet the necessary impetus, 
and set it swinging in a horizontal circle, then count how many 
circles It completes in 20 seconds , the number will be about 
10 It completes i revolution in the time it took to make a 
vibration Place the e>e so that the path appears as an ellipse, 
and then as a straight line (fig 45) The bullet increases its 
speed from each end until it reaches the middle of the line , 
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then It slackens until it reaches the far end of the line, \\hen 
It momentarily stands still, then returns again, quickening up 
to the middle Seeing that it mo\es 
uniformly in the circle, it appears to 
theeje to pass o\er the distances al, 

LK, Kj m equal times When a 
body Mbrates along a line, as the bullet 
appears to ^ ibntc along \ G, the motion 
IS called harmonic motion If we 
place the eje beneath an ordinary 
pendulum, so that its path appears a 
straight line, the motion is harmonic 

TJtt distance A G (the diameter of 
the circle ) called the amplitude or the vibration Ihe 
time of moving from A to G and back again to a that is, the 
time of a complete revolution of the circle — is called the period 
orTHP vibration 

Suppose a number of particles move in parallel straight 
lines a PCD with harmonic motion, so that each suc- 
ceeding particle is i't of ^ rev dlution behind the other, and 
suppose the time of a revolution (the period) be i second 
The position of the particles at any time can be determined 
from the generating circle (fig 46) 




I K 46 

In the particle a in line a, be represented at 4 in its circle, 
then the particle in b being jV of a second behind will be at 
3 111 Its circle — that is, it appears on the line b at b, and so 
on for d^e^fg Join these particles, and the thick 

sinuous curve is formed , call this the first position of the wave 
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■re of a second later a ^\lU have moved from 4 to 7, that is to 
the end of the line a and back to a' The other particles 
will be 2XV d d\ and the dotted curve a! b' d d' is formed , 
this IS the position of the wave after of a period , the wa\e 
IS moving from A towards s of a second from starting the 
wave IS in the position In of a second the par- 

ticles ivill be in their original position, but the w'ave will have 
moved from e to Q or from A to »/ 

The top of a wave is called a crest, the hollow the trough 
The distance from crest to crest, or from hollow to hollow, is 
called a wave-length In ^ period from starting the crest is at 



Fig 47 


H, in -f, period at k, in a complete period at Q The distance 
the wave travels in one period is one wave-length 

For simplicity we ha\e supposed that the particles in fig 46 
move in straight lines , they may move with harmonic motion 
in ellipses or circles Suppose o, i, 2, 3, a number of par- 
ticles at rest (fig 47), and that o begins to move in a circle, 
the penod being one second, and that each particle follows 
tV second later than its predecessor a b c d e represent the 
positions at the end of *, and if period From 

o to 12 (e) is one wave-length , o is in its original position If 
after one revolution the particles rest, one wa\e moves along, 
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and in penod the position is f Tne ware has advanced 
half a wave-length from the position m E. If the particles keep 
moving the raves are repeated as m g 

In all these illustrations the particles do not change from 
their average position , the form of the wave alone moi es 
forward 

Longitudinal waves — The preceding explains water-waves, 
the waves that pass along ropes, and as we shall see later, the 
waNes of light and radiant heat There is, however, another 
method bi which waves can be transmitted 

Fill a piece of india-rubber tubing 12 feet long and ^ diameter 
nth sand, and hang it from the ceding , near the top make a dis- 
tinct chalk mark, hold the end m one hand, so as to slightl} stretch 
the tune , with the fingers of tne one hand rub it along its length- 

A wa\ e passes along the tube, as is shown bv the move- 
ment of ttie mark , it is reflected at the top and mot es back. 

rap a long steel wire round a cvlmder of wood 2" diameter, 
so that the coils are Y' apart. On remo\ing the cjhnder a spiral 
15 formed- Suspend the coil honzontalK, this is done b\ attaching 
two threads to eiery tenth coil and fastenmg these threads to 
the parallel horizontal laths Gather a few cods at one end into 
the hand , on releasing them ohserv e the compression tiai el to 
the other end of the wire. 

In the last two experiments a wa\ e passes along the tube 
and helix , the particles mo\e backwards and fonvards m the 
line of direction but do not change their a\ erage positions 

Cut a narrow sht jj in black paper B (fig aS). Place it along 
the dotteuhneof -A. Draw a. beneath the sht m the direction of the 
arrow , the dot that is seen, \nbrates backwards and forwards , its 
motion IS harmonic, as w e see from the form of the sinuous cur\ e. 

Anumber of particles moving backwards and forwards one 
moving a httle after the other will produce a wave there will 
be a compression (the particles come together) succeeded by 
a rarefaction (when the particles move apart relative to each 

otner) hke the compression and rarefaction that travelled alono- 
vce coil 
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Place the slit 



along the dotted line c, fig 48 , draw the book 
in the direction of the arrow 

Each curve in c is similar to A They 
are arranged so that each dot produced with 
the slit moves a little later in its path than 
the preceding dot The w ave of compression 
and rarefaction will be seen travelling across 
the slit Compare the parts of greatest com- 
pression with crests of W’aves, the parts of 
rarefaction with troughs of waies (fig 49) 
The wave-length is the distance from one 
compression to the ne\t (from c to c (i)), 
or from one rarefaction to the next (from r 
to r (i)), or from one particle to the next 
particle in a similar position, and moving in 
the same direction , and as in the case of 
vertical waves, the wave will move one wave 


D 
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length in the time it takes a particle to make a complete 
Mbration 

Sound-waves — Sound-waves are transmitted b} the air- 


particles vibrating in 
the line of direction 
When a body vi- 
brates vith sufficient 
rapiditj', the parti- 
cles of air surround- 
ing it are set m 



(ti c (ft ft 



Fig .(9 


motion and sound -^\aves are formed The motion is commu- 
nicated by each particle to the next, the motion of the particles 
near the ear affect that organ, that is, energj' is transmitted by 
the sound-^\a^es to the ear and a sound is heard When a gun 
IS fired the sound-na\es travel , there is, however, no tendency 



for the smoke to move in straight lines in all directions as the 
sound-waves do The propagation of sound-waves is not the 
propagation of air-particles 

Insert a funnel in one end of a long wide india-rubber tube, 
direct the other end towards a lighted candle, and blow a little 
smoke into this end Beat two pieces of wood together near the 
mouth of the funnel , the candle is extinguished by the sound 
wave, but the smoke is not forced thiough the tube 

Such sound-waves from filing shots in mines (it has been 
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suggested) cause explosions, by forcing impure gas through the, 
meshes of the Davy lamp (see p 47) Sound tra\els m all 
directions A skylark singing is the centre of a sphere of 
sound-waves, and every particle in the sphere is vibrating 

Fig 50 gives a rough idea of the sound-waves caused by a 
bell At equal distances from the point of disturbance all the 
particles will be in similar positions, and will form the surface 
of a sphere , such a surface forms the front of the wave If 
we consider a very small portion of the surface of a sphere, it w ill 
practically be a plane surface , so that the wave-front is a plane 
surface, and the direction of the wave is at nght angles to this 
surface 

Elasticity —Set a dozen solitaire balls in a groove , move one 
and roll it against the eleven , the end one starts off the row, while 
the intermediate balls are apparently motionless 

In the water-waves, the particles moved upwards on account 
of the impulse given to the wave (the stone falling in the pond, 
&c ), and downwards on account of the action of gravity How 
can we explain that when a particle moves forward, it returns 
on Its path and moves backwards ? Why do the solitaire balls 
transmit motion ? 

Definition — When a body, after being compressed by a 
force, recovers its original shape when the force is removed, the 
body IS said to be elastic 

It requires a certain force to compress a piece ol putt>, 
but on removing the pressure the original shape is not regained 
putty IS therefore inelastic 

Cover a flat stone with red powder, touch it ivith a solitaire ball, 
and notice the dot made Allow the ball to fall from a height of 
three or four feet upon the stone and examine the dot made , it is 
larger than before, the ball has been flattened, but when the pressure 
w as remov ed it regained its ongmal shape The glass ball is elastic 
Allow a leaden ball to fall, the flattening remains 

Glass is elastic , lead is inelastic 

Each time one prong of a vibrating tuning-fork advances, it 
gives a push to the air , the particles are compressed, and by 
their elasticity resist compression , they expand, compressing the 
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next set of particles , these, in their turn compress the next set, 
so that the compression is propagated When the prong moves 
back It causes a rarefaction , this rarefaction is transmitted in 
the same way as the compression The tuning-fork makes a 
senes of backward and forward movements, and thus a series of 
condensations and rarefactions are produced, w'hich constitute 
sound-waves The particles recover themselves on account of 
their elasticity, and transmit the wave just as the solitaire balls 
did , each ball, representing a particle of air, was compressed for 
a short time, it then expanded on account of its elasticity and 
communicated the compression to the next ball 

Exampi es II 

1 Give an example of harmonic motion 

2 Define the terms oscillation, vibration, amplitude, period 

3 Give examples of wave motion Explain crest and hollow 

4. Define wa,e-lcnglh 

5 In what direction do the particles in a w ater wai c mo\ e ’ 

6 There arc fi\c crests between a boat and the i>horc, a distance ol 
too feet Calculate the average w ax e length 

7 What IS meant by a wave of sound and by the kngth of a wave ’ 
Explain how sound is transmitted through air 

8 Compare the direction of the motion of the particles in a water wave, 
and the waxe in a xxirc spiral 

9 Define wave length Suppose the amplitude of vibration of the 
particles be doubled, how xvill this alTcct the xiaxc length’ 

10 Explain condensation, and rarefaction 

I r Gix c illustrations and expenments to show that x\ hen a sound-xvax e 
IS transmitted, the air particles do not leaxe their axerage position 

12 Explain elasticity , give examples of clastic and inelastic substances 

13 Explain hoxv the condensation and rarefaction constituting a xvaxe 
of sound are produced How is a sound-xvavc propagated through air’ 

14 Take the speed of sound as 1,120 feet per second Find the xvaxe 
length (a) if there be 2S0 vibrations per second, [f) if the period of the 
particles be 555 second 

15 Sound-waves are l 2 foot long, the air particles make 1,000 xibra 
tions in a second Find the speed of sound 

16 Explain the action of the toy telephone made of two cardboard 
boxes connected with string 
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CHAPTER HI 

rjIE INTENSITY AND REFLECTION OF SOUND 

Intensity — ^The further the ear is from a sonorous body, 
the feebler is the effect as regards sound upon the ear As in 
all cases of straight line motion, the tntamty vaties inversely > 
as the squaie of the distance, that is, the intensity of sound at a 
distance of 200 yards is one fourth the intensity at 100 yards 

The intensity depends upon the density of the medium in which 
the sound originates (p 57) 

Make the tilmng-fork sound, then place the end upon the table, 
or, better still, on a thin board suspended by threads , observe how 
the sound is increased Sprinkle fine sand upon the thin board , 
the sand moves, proving that the board is vibrating A string 
stretched tightly over two nails in the wall produces scarcelj any 
sound when it vibrates , stretch the same string on supports inserted 
in a box with a thin cover the sound is increased 

The area of a vibrating body may be so small, that the 
number of air-particIes set in motion are unable to affect the 
ear, or affect it slightly , when the vibrations are transmitted to a 
larger area, a larger number of particles are set in vibration and 
these cause a distinct increase in the intensity The wall in the 
experiment is so thick and so firmly fixed that it is unable to 
vibrate, the thin wood readily vibrates and increases the in- 
tensity For this reason musical instruments are provided with 
sounding-boards , in the violin the thin u ood forming the belly 
vibrates when the string is bowed, the post communicates the 
vibration to the back, which also vibrates A tuning-fork held 
in the hand sounds longer than when its root rests upon a 
sounding-board , the energy is communicated to a larger surface 
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and IS the sooner used up We gam in the intensity of the 
sound, but lose in the time the sound lasts 

The intensity depends upon the atea of the sonorous body 

If in fig 46 u e double the diameter of the circle, that is, 
double the amplitude of Mbration, while the penod remains 
as before, each particle in a b c must move with h\ice its 
former speed The waves will be higher and w ill have a greater 
effect upon any obstacle, their capacity for doing work will be 
four times their former capacity In a similar way if the ampli- 
tude of the particles in sound-waves be doubled or trebled, the 
capacity of the wa\es for doing work will be four times or nine 
times their former capacity, and will have four times or nine 
times their former effect upon the ear The amplitude of the 
vibrations of the air-particles, will be the amplitude of vibration 
of the sonorous bod} 

The intensit) depends upon the amplitude of the vibration 
of the particles , if the amplitude be doubled the intensity is 
quadrupled , the intensity varies as the square of the amplitude 
of the vibrations of the sonorous body 

A sensitive flame — Bend a piece of glass tubing at right 
angles Draw’ out one end , cut off so as to 
Iea\ e a \ cry small orifice Connect the other 
end with the gas suppl} (fig 51), 2" above 
the orifice place a square piece of brass gauze 
6" side, turn on the gas, ignite it aboie the 
gauze, and surround the flame with a wide 
piece of glass-tubing about 6" long Turn 
the gas-tap until the flame just docs not flare 

The nbration of the air-particIes of sound- 
waves affect the gas below the gauze, and the 
flame flickers Rattle keys, tap on the table, 
hiss, or whistle, the flame is in every case 
affected 

Reflection of sound — Draw a semicircle 
on the table with chalk, graduate it as m fig 
52, and arrange the tm tubes along radn each making 45“ with the 
normal Place the sensitn e flame at the end of one, a, and se\ eral 
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damp towelsj B, between A and the end of the other tube Tap two 
pieces of metal together inside the second tube, adjust the dame, and 
use more damp towels if necessary until the flame does not respond 
to the taps Place a reflecting surface, a plane mirror, a sheet of 
paper, or the hand, at c 



Fig 52 


The flame is at once affected by the taps Remove the reflector, 
the flame steadies If A be placed making an angle of 40° with 



Fig 53 


the normal, then the other tube must make the same angle The 
sound-n ave which tra\ els doivn one tube is reflected at c A watch 
may be substituted for the taps and the ear for the sensitive flame 

Sound IS reflected similarly to light (p 94) The angle of 
incidence is equal to the angle of reflection 

Dry towels, sheets of paper, do not serve as effective screens. 
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end vre conclude that thej are poor absorbers of sound-vra\es, 
vhiie damp tovrels are good absorbers of sound-waves 

Bv using two large concave reflectors, we can further illus- 
trate the reflection of sound (fig 53) "When a watch is placed 
at the focus of one mirror, a person can hear the ticks bv 
placing his ear at the focus of the other mirror, although the 
distance maj be such that when the second mirror is removed 
he IS unable to hear the ticks T ne sound- wav es from the watch 
stnke the near mirror, are reflected parallel to the principal axis, 
and after meeting the second mirror are again reflected to its 
focus This IS the better demonstrated b> substituting the taps 
for the ticks of tne watch, and the sensitiv e flame for the ear 
"WMspering-galleries — ^ye can easily understand that if a 
gallery be of a certain shape, the whisper of a person in one 
part may be quite audible to another person bejond ordinarv 
range of sound. Regard the two concave reflectors in fig 53 
as the opposite sides of a semiarcular galler}. 

Speakmg-tuhes — ^The use of the tubes m the experiments 



73 


Sound 


being imerselj as the square of the distance, there is but a 
slight diminution of sound 

Reduce the sensitn c dime until it is not affected b> the t ips 
produced from two pieces of mettl, at n distance of 15 or 20 feet 
Fit the large tin tubes end to end, and place them betw cen the flame 
and the source of sound so that the taps arc made close to one end 
The flame at once responds 

If we use along india-rubber tube, half-inch wide, and place 
one end to the ear, the slightest sound made at the other is 
distinctlj heard Bending the tube, protided it be not closed, 
does not affect the experiment The speaking-tubes used in 
offices are made of strong caoutchouc, pro\ idcd at each end 
w ith an ivorj or bone mouthpiece (fig 54) 

Echoes — Reflection of sound is the cause of echoes The 
sQund-waae traaels to a reflecting surface — such as the walls of 
a building, the sides of a mountain, or the trees at the edge of 
a forest — is reflected, and traiels back to the ear , the sound now 
heard is called an echo It is difficult to distinguish words that 
strike the ear at less mtcrxals than onc-tenth of a second — that 
IS, the wave must travel feet, or no feet, therefore the sur- 
face must not be less than 55 feet distant Standing between 
two reflecting surfaces, the sound wave, reflected from each, 
proceeds to the opposite surface, and is again and again re- 
flected, each echo being fainter than the preceding one Two 
or more echoes may also be caused by tw o or more parts of 
a reflecting surface at different distances from the observer, as, 
for example, from the parts of the edge of 1 wood at vamng 
distances ° 


Examples III 

1 Explain the meaning of mtenwtj of sound , how does the intensity 
vary " Hh the distance from the sonorous body ’ If the intensity at a distance 
of 100 feet be go, what wall it be at a distance of 150 feet* 

2 State the conditions that affect the intensity of sound What is a 
sounding board ’ “Why is it used ’ 

3 How could you illustrate the reflection of sound* 
speaking trumpet Explain the principle of a speaking tube 

latet thifih***" is heard 30 seconds 

nter than the sound how far is xhe building distant ’ 


Describe 
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5 A person is walking between two parallel walls which are near 
together, and hears a prolonged echo of each footstep , e.\plain how the 
echo IS produced 

6 Compare the intensities of sound at two places, one i loo feet, the 
other i, 8 oo from the origin of sound 

7 Eaplain anj method bj means of a^hich the ticking of a watch maj 
be made audible to a person at the other end of a large room 

S AMiat IS an echo ’ hat is essential for the pioduction of a single, 
and what of a multiple, echo’ 

9 How could} oil proie, b} capenments or obsen ations, that, when 
sound IS produced and heard at a distance, the air has not actually tra\ oiled 
to the point where the sound is heard ’ 

10 How IS It that sound is transmitted for long distances by speaking 
tubes’ 

11 How avould }oii show b} experiment that, when a bell rings, the 
metal is in motion’ 
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CHAPTER IV 

MUSICAL SOVNDS-PITCH -INTENSITY- QUALITY 

Pitch — Certain sounds are pleasant to the ear, and are 
called musical sounds 

Take the toothed wheel and fix it to the whirhng-table, or use 
the humming-top (Appendix) Turn very slowly and hold a card 
against the teeth At first we hear a number of taps , as the speed 
increases a musical sound is heard , this sound continues as 
long as the wheel moves steadily as the speed changes, the sound 
changes Turn the wheel very rapidly , the sound becomespainful, 
and at length we are unable to detect it by the ear 

A musical sound is caused by regular vibrations An ordi- 
naiy person hears a sound when the vibrations are not less 
than 40 to the second, nor more than 20,000 to the second , 
(compare light) , others can detect sounds caused by vibrations 
above and below these limits 

In place of the toothed wheel use the siren (Appendix) Turn 
and blow through a piece of bent tubing, the end of which is pointed 
over one set of holes , when the motion is very slow , a senes of puffs 
IS heard As the speed increases a note is sounded , it nses in 
pitch, and at length the ear is unable to detect it As in last expen- 
ment a number of regular 1 ibrations produces a musical sound 

Fix a knitting-needle in a vice and make it vibrate, change the 
length until a sound is heard , the pitch does not change as it 
vibrates, although the intensity of the sound does Does the 
needle \ibrate a definite number of times m a second > This is 
best shown ivith a long strip of steel (use a steel straight-edge) that 
vibrates more slowly than the short needle Fasten a stiff bristle 
to the end of the straight-edge Smoke a long piece of glass 
Arrange that the bristle touches the glass, and make the rod vibrate 
SS) > ’t traces a line across the glass as it \ ibrates Move the 
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glass quicklj , a cune is traced, resembling the sinuous cun e on p 
61, and the conclusion is that the rod \ ibrates w ith harmonic motion 
Stretch a stnng slightly betn een two points and pluck it , the string 
\ibrates slow h, but no sound is heard Tighten it and a sound 
is produced. Judging from the result with Sa\ art’s wheel and the 



su'en, the stnng, seeing that it gives a sound, should be nbrating 
regularly' Twnst a pm round the stretched cord (w ire) , fasten it 
with sealing-wax so that the pin points honzontally , pluck the 
wire vertically, and draw the smoked glass rapidly' past the point 
Examine the curve, tighten the wire and try again The number 
of the vibrations increases as the pitch nses 

If wre move the smoked glass with uniform speed, the wave- 
lengths traced by a vibrating body producing a certain note 
will be equal, they will decrease in width as the note dies away 
The period of vibration of the body remains constant while the 
amplitude of the vibration diminishes 

A musical sound is produced by a body v ibrating a definite 
number of times per second The number of the vibrations 
determines the pitch of the note 

These vibrations are transmitted by the air to the ear 
Suppose a string vibrates 560 times in a second , at the end of 
one second the vibrating air-particles will extend from the stnng 
to a distance of 1,120 feet, as sound travels about 1,120 feet 
in one second Therefore, each wave-length will be feet, 
or 2 feet long The wave-length defei mines the pitch , the higher 
the pitch the shorter the wave-length 

The Musical Scale — Attach the siren wheel (Appendix) to the 
vhirling-table and turn steadily , force air through a piece of glass 
tubing (one end bent at an angle of 135°) upon the inner row of 
holes, calling the sound heard Doh Mov e the tube to the second 
rov , w e recognise the Me of the musical scale The third row giv es 
the Soh, and w ith the outside row , the Doh', or octav e, is heard The 
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number of holes in the rows are as, 4, 5, 6, 8 Turn the wheel at a 
different rate , when steady repeat the expenment Again, if the 
first note be called Doh, the Me, Soh, Doh' are heard 

When the number of the vibrations per second is doubled, 
the octave of the scale is produced If 400 vibrations per 
second give the fundamental note, 500 give the third, 600 
the fifth, and 800 the octave 

The diatonic musical scale consists of seven sounds, the note 
of lowest pitch IS called the fundamental, and the eighth note 
the octave to the fundamental By expenments similar to those 
performed, the relation between the vibration numbers of the 
notes of the scale has been found 

456 8 

24 27 30 32 36 40 45 48 

Doh Ray Me Fah Soh La Te Doh' 

CD EF GABC' 

The absolute value of C is immaterial , it can be decided 
arbitrarily, thus the C 



IS frequently taken as 256 , it has been below 250 and as high 
as 270 , the number 264 is in common use 

To find the vibration number of a vibrating body —Sup- 
pose we take an ordinary whistle A siren (of a more expensive 
form than that used in previous experiments), so constructed 
that It registers the number of turns per second, is required 
Let us suppose the siren sounds the same note as that made 
by the whistle when it turns five times in a second, and that 
there are 96 holes The vibration number of the whistle will 
be 96 X 5, or 480 per second Tuning-forks are stamped 
with their vibration number Suppose the sound made by a 
fly moving its wings, is a fifth above a fork marked 264 The 
vibration number of the wings will be 264 x-J, that is, the 
wnngs are vibrating 396 times in a second 
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rVAMPLES IV 

1 VTiat are the ph}sical differences (i) between a loud and a gentle 
sound, (2) between a shnll and a deep sound ’ 

2 Abell when struck emits a note of a certain pitch Is thewaie- 
length in air corresponding to this note the same on a warm da} as on a 
cold da} ’ Gn e full reasons for } our answ er 

3 Taking 1,120 feet per second as the %elocit} of sound in air, find the 
number of Mbrations which a middle C tuning-fork (which \ibratcs 264 
times per second) must make before its sound is audible at a distance of 
154 feet 

4. What are the three charactenslics of musical sounds ’ How is the 
moiement of the air-particles affected b} (c) change of pitch, (/>) change ol 
intensit} ’ 

5 A tuning fork is set in Mbration ard }ou hear its note The souna 
la con\C}ed to }our ear b} the motion of the air particles in the room 
Explamhow, and in what direction, the particles mo\e, and slate how 
their motion would be modified if the fork were made to gi\e a louder 
sound 

6 Desenbe a method of determining the number of \ibrations required 
to produce a note of given pitch 

Transverse vibrations of strings — We have alread) pro- 
duced sounds b) causing stnngs to Mbrate transa ersel) , and 
ha\e shown that the aibrations are made vith harmonic 
motion The large number of stringed musical instruments 
makes the stud} of Mbrating strings important An exami- 
nation of a stnnged instrument will gi\e a general idea of the 
laws on which the pitch depends In a x lolin the first stnng 
IS thin, It IS used to produce the high notes , the second and 
third stnngs are thicker, xvhile the fourth stnng is made of 
Mire We infer that the thinner the string the higher the pitch, 
and the denser the matenal the lower the pitch A pla}er 
plajs a higher note bj shortening the length of the xibrating 
stnng, and we infer that the shorter the string the higher the 
pitch of the sound produced If the note of a string be too 
high or too low, the pla) er slackens or tightens the string to 
remed} the defect We conclude that the greater the tension 
the higher x\ill be the pitch of the note 

The Sonometer — ^In order to examine the laws relating to 
stnngs, an instrument called a sonometer is used 
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Two strings of the same matenal and thickness are stretched 
side by side , they pass over the fixed bridges A and B, then over 
pulleys, and have equal weights attached to them (fig 56) 



Fig 56 


On plucking or bowing each string, notes of the same pitch 
are heard , each string is vibrating as a whole, and is producing 
Its fundamental note Call this note Doh 


Insert one of the movable bndges D midway between the fixed 
bridges, so as to halve one string Pluck one half and we recognise 
the octave The octave is caused by twice the number of vibrations 
of the fundamental (p 76) 


By halving the length we have doubled the number of 
vibrations By means of the movable bndges make one string 
tuo-thirds the length of the undivided string , this length 
vibrating produces the Soh That is, when the lengths are as 
3 to 2, the vibration-numbers are as 4 to 6, or 2 to 3 Move 
the bridge until a length is found that on vibrating gives the 
Me, It will be found to be four-fifths of the undivided stnng 
Collect these results 


Length 


Note 


Vibration number 


I Fundamental Doh 

# Third Me 

^ Fourth Fah 

s Fifth Soh 

^ Octal e Doh' 


24 or I 

30,, k 
3Zn 4 
36 „ 1 
48 „ 2 


First Law — Other conditions being equal, the number of 
vibrations per second is inversely as the length of the string 
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Use the full length of each stimg, and vary the stretching foice 
Attach 16 lbs to each string, and add weights to one until on 
plucking, the octave is heard You will find that the total weight 

15 64 lbs That is, m order to double the number of vibrations 
we must quadruple the weights 

Verify your first law On halving the stretched string with 

16 lbs attached, you should double the number of vibrations, 
and both strings should give the same note 

Begin again Attach 16 lbs to each stiing , add weights to 
one until the Me is heard , the weight will be 25 lbs When the 
Soh is heard the weight will be 36 lbs 


Stretching force 

Note 

Vibration number 

16 

Fundamental Doh 

4 = a/i6 

25 

Me 

S = a/2S 

36 

Soh 

6 = A/36 

64 

Doh 

8 = A/64 


Second Law — Other conditions being equal, the vibration 
number is proportional to the square root of the stretching 
force 

Combine the two laws , stretch one string with a weight of 
16 lbs , the other with 36 lbs Move the bridge of the first 
until the same note is heard from both strings , the length of 
the one will be two-thirds that of the other 

n/i6 X \ — 2 )^ X \ 

j ^ 

The vibration-number also depends upon the thickness of 
the strings, that is upon the diameters , this is not easy to verify. 
It being difficult to measure diameters , careful experiments 
have shown the truth of the third law If the diameter be 
doubled or trebled, the vibration number is divided by tivo or 
three 

Third Law — Other conditions being equal, the vibration- 
number IS inversely as the diameter 

The fourth law refers to the density of the strings If a 
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catgut string and a copper wire (length, diameter, and stretching 
force the same m both cases) be used on the sonometer, the 
copper wire gives the lower note For this reason the fourth 
string of a violin, and the lower wires of a piano are wrapped 
round with wire, so as to increase their density 

Fourth Law — The vibration-numbers are inversely pro- 
portional to the square roots of the densities 



Pensi 

ties 

Dnme 
icrs or 
ndii 

Stretch 

*ng 

forces 

Lengths 

The vibration numbers vvr} 

If m 3 strings 

X 

X 

X 

0 

Inversely ts the lengths 

99 t9 

X 

X 

o 

X 

Directly is the squire 
roots of the stretching 
forces 

11 11 

X 

0 

X 

X 

Inversely as the diimeter 
or ndn 

9* 99 

o 

X 

J 

X 

X 

Inversely is the squire 
roots of the densities 


For X read ‘ are equal,’ for O read ‘ aarj 


Guality of Sounds Timbre —Pluck one wire on the sono- 
meter, It sounds its fundamental , as it \ ibratcs, touch it lightly m 
the middle w ith a thin roll of paper , it ceases to vibrate as a a\hole, 
but on placing the ear near the wire the octave is heard 

The wire is vibrating in halves according to the First I^w , 
these vibrations ha\e not been started by touching the wire, 
they were taking place while the string vibrated as a whole, and 
experienced ears can detect the octave, while a stnng is sounding 
its fundamental note The wire may also divide into three 
portions, a note having three times the number of vibrations 
of the fundamental being produced These notes sound at 
the same time as the fundamental 

While the fundamental note is sounding, other tones, called 
monies, are being produced , these hamionics depend upon 
the character of the instrument 

The harmonics, combined with the fundamental, gne the 
characteristic quality or timbte to the instrument 
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Eesonators — The effect of thin pieces of wood and metal, 
in reinforcing the intensity of sound has already been noticed 
(p 68) , masses of air are used for a like purpose 

Take a glass tube a foot long and mde, open at both ends , 
hold a vibrating tuning-fork o\er one end, and lower the other end 
into water , at a certain depth the sound of the fork is suddenl} 
reinforced , if this depth be exceeded, the reinforcement ceases 
Experiment with other forks, and notice that for each fork there is 
a definite depth of air in the tube of the icsonator 

The prong of the tuning-fork advances^ and sends a con- 
densation down the tube, that is reflected at the surface of the 
water, if the tube be of such a length that the reflected con- 
densation reaches the prong just as it is about to spring back, 
the reflected condensation aids the prong m causing a greater 
condensation m its backward motion The prong springs back 
and produces rarefaction behind it , this rarefaction trai els dowm 
the tube, is reflected, reaches the prong at its extreme limit and 
combines with it to produce a greater rarefaction The effect is 
to increase the amplitude of the vibration of the air particles, 
and the intensity of the sound increases It follows that the 
length of the simple tube will depend upon the number of 
vibrations made by the tuning-fork. 


Name of 

\'ibration 

Length of sound wave 

Depth of tube 

forV 

number 

(calculated) 

(measured) 

c 

256 

feet - 52 inches 
256 ^ 

13 inches 

G 

324 

1120 

” = 35 » 

00 
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The depth of the closed resonator is one quarter of a wave- 
length A wave-length is made up of a condensation and a 
rarefaction As the prong of the fork advances, the condensa- 
tion would travel twice the length of the tube if it were not 
reflected , as the prong retreats the rarefaction w ould travel 
similarly twice the length of the tube , the condensation would 
m this time have travelled four times the length of the tube , 
the total condensation and rarefaction, or the wave-length, will 
therefore be four times the length of the tube 


G 
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The study of resonators becomes more complex when the 
diameter of the tube is great , reflections take place from the 
sides 

The construction of wind instruments depends upon the 
resonance of air m the tubes, various methods being followed 
to set the column of air vibrating 

The increased loudness of a sound made in a room, com 
pared with the loudness of the same sound in the open air, is 
due to resonance The acoustic properties are good if the re 
fleeted sounds aid the original sound, and bad if the reflected 
sounds are not heard simultaneously with the onginal sound 

Examples V 

1 A stretched string, lo feet long, is in unison with a tuning fork, 
marked 256 , the string is shortened 4 feet how often will it now vibrate 
in a second ’ 

2 A string IS fastened at one end to a peg m a honzontal board, and the 
other end passes over a pulley and carnes sixteen pounds The stnng gives 
the note C What weight must be hung instead of the sixteen pounds, so 
that the string gives the next lowest octave’ 

3 Two equally stretched stnngs of the same thickness, one of steel and 
the other of catgut, give the same note when struck Which of them is 
the longer ’ Give reasons for your answer 

4 A steel wire, one yard long and stretched by a weight of 5 lbs , 
vibrates 100 times per second when plucked If I wish to make two yards 
of the same wire vibrate t-wue as fast, with what weight must I stretch it’ 

5 What vanety of notes can you get out of a stretched stnng without 
altenng its tension or length 2 What will be the effect of halving its length 
by a fixed bndge’ 

6 A musical stnng iibrates 400 times in a second state what occurs 
when you make the length one third and four times the onginal length 
without altering the tension , and also what occurs when the tension is 
made four times and one ninth the original tension, without altenng its 
length 

7 The flash of a gun cotton rocket, exploded at a height of 1,000 feet 
in the air, is seen by a person six miles distant Some time afterwards the 
sound isjjeard How many seconds elapse between the flash and the 
sound’ One thing which is purposely omitted ought to be taken into 
account What is it > 

S When a cannon is fired, windows are sometimes broken by the ex 
plosion Why is this ? 
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^ Introduction — ^he chief sources of light are the sun, the 
stars, chej 3 iical_,action,_electncity, and,phosphorescence}f The 
light emitted 6y flie~glo>ya ormroiTSe firefly is an instance of 
phosphorescent ligl^ Luttunous bodies, such as the sun, a 
burning candle, and a glowivorm shine by their ow n light Non- 
luminous bodies are only rendered luminous and visible when 
in the presence of luminous bodies Trees, houses, and fumi- 
ture_are. examples of non-luminous bodies 

^ansparent, translucent, and opaque-bodies — Bodies 
that allow light to pass, so that objects can be clearly dis- 
tinguished through them, are called transparent the air, water, 
and clear glass are common examples Oiled paper, roughened 
glass, and porcelain allow light to pass, but objects cannot be 
clearl) distinguished through them , they are_translucent bodies 
Opaque bodies, such as gold and bricks, do not allow light to 
pass through them Opaque bodies when very thin, are trans- 
lucent, and transparent bodies, when very thick, become 
translucent and even opaque (jVhen light passes through a 
transparent body, part of it is always absorbed 

Propagation of light -P a medium — i s a substance throu gh 
^bichji ght p asses, as,aix.a^,gia^^ irihe density and im- 
position of the medium be the same in all parts, it is called homo- 
geneous , water, carefully prepared glass, and the atmosphere, 
if we consider only a small portion of it, are homogeneous. 
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In a homogeneous medium, light is propagated in straight lines , 
this IS our every-day experience 1 he raj s of the sun, as they 
track their way through the room, arc straight, and m order tliat 
light may pass through a lube, the tube must be straight 
^ Ray and Pencil of Light — When light proceeds from a 
luminous bodj, it is supposed to be made up of straight lines, 
called rays of light A number of rays form a pencil of light 

Place in the stage of the magic lantern a blackened cardj w ith 
a hole diameter in the centre , focus this on the screen Hold 
a piece of smouldering paper near, and notice the cpne of light 
Imagine this cone to be made up of an enormous number of raj s 
vV Images produced by small apertures — A pnhok camoa 
( Make a large hole in the bottom of a coffec-Ln, blacken the inside, 
^ * and co\er the hole with tinfoil , construct a cjhnder of cardboard 
that just slides inside the tin, and co\er one end nith tissue-paper 
Make a pinhole in the centre of the tmfuil push the cox cred end 
of the cj lindcr into the tin and look into it, pointing it to some 
illuminated object (trees, houses, S-c) By adjusting, an inverted 
coloured image is seen on the tissue paper. Make another hole in 
the tinfoil, another image appears As more holes are made, the 
images overlap, and become indistinct Remove the tinfoil, the 
paper is unifonnlj illuminated 

In order to show this to a class, remove the objcctiv cs and con- 
densers from a magic lantern, cover the aperture with a cap of 
tmfoil, pnek one hole, and an image of the lamp-vvicks is seen on the 
screen By pricking more holes, the above effects are obtained 

That IS, uniform illumination can be regarded as the result 
of a number of images overlapping each other 
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Light proceeds in straight lines from an object , these lines 
cross at the small hole, and therefore the image is inverted 
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Fig ^7 illustrates the formation of images through a small 
aperture 

'I he shape of the image does not dcjicnd upon the shape 
of the aperture, if the aperture be small 

Let sunlight enter a small triangular apcrtuie made in the tinfoil t 
of the camera , b> pushing m the mstdc tube, a is 
obtained Darken the room, and allow the light from the sun, after 
passing through the aperture, to fall on a screen at some distance , 
the image is tMJU/, or cUtpftcaf if wc incline the screen 

^E^er\ point m the surface of the sun prints its own trian 
gular image When the screen is near the hole, these images 
nearly coincide, and a triangular image is formed \\ hen the 
screen IS inoted awaj to a distance, the triangular patches are 
spread over a larger surface, the overlapping of those in the 
middle of the space gives a bright patch, and the overlapping 
01 those in the circumference fonns a circular boundarj'. 
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The circular and elliptical patches of light seen under a grove 
of trees arc fanned b) thcra>b of sunlight passing tin ough small 
apertures of varied shape formed by the overlapping of the 
^ leaves (fig 58) 
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'Shadows, Umbra, and Penumbra — Light travels m straight 
lines, therefore part of the space behind an opaque body is 
protected from the light in front of it , the opaque body casts 
a shadow The section of shadow, that we rccenc on a 
screen, is generally spoken of as th e sh adow 

Hold a rod, i" diameter, % crtically betw een a candle flame and 
a piece of cardboard You can arrange so that a sliarplj deflned 
shadow IS obtained , w ithout changing the relatn e positions, turn 
the rod into a horizontal position , the shadow is now indistinct at 
the edges There is a dark central part, with a lighter part, on 
each side , make pinholes in these parts , go behind the screen 
and look through the pinholes at the candle If a pinhole be in 
the darkest part, no part of the candle-flame can be seen , if in 
the lighier part of the shadow, part of the flame can be seen The 
darker part recenes no light from the candle, the lighter part 
recei\ es part of the light of the candle 



Fig 59- 

(The part of the shadow that receives no light from the 
luminous body is called the jwiira , the part that receives a 



Fig 6o 


portion of the light from the luminous body is called the pe/i 
umbra 




RecUbneat Propagation of Light — Shadows 87 

\ The size of the penumbra depends upon the relatne sizes 
\ of the luminous and the opaque body As the size of the 
source of light is reduced, the penumbra is reduced If the 
I luminous body be a point, there is no penumbra (fig 59) 

When the rod (p 86) i\as held vertically, the iiidth of the 
flame gave no appreciable penumbra , vhen the rod vas hori- 
zontal, the long flame produced a distinct penumbra If a^ 
luminous bod) , b a (fig 60), be smaller than an opaque body m,/- 1 
the umbra, n 0, will always be surrounded by the penumbra, ? 
and both will increase in size aS-the screen is moved aw a) 

] . Eclipse — ^The sun is larger, and the moon is smaller, than 

V^'^'me earth When the ittnbta of the moon falls on the earth, an 
eye placed in the umbra w ill be unable to see any part of the 
sun, and total echpse is produced W^ere the pemmha falls, 
there will be partial eclipse ^ part of the sun will be seen 

In fig 61, S represents the sun, M the moon, and E the earth 
The objects and distances arc not constructed to the piopei scale 
Place a screen in the position of the earth, E, and examine the 
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appearance of the lamp through pinholes from behind the screen , 
note particularly the crescent shape of the part seen Move the 
screen away from S , beyond C all will be penumbra A person in 
this penumbra will see a black circle. A, surrounded by a blight 
ring , an annula r echpse is produced 

If the moon pass into the shadows cast by the earth, the 
moon will be eclipsed— partially if it be partially in the shadow, 
totally if it be entirely in the shadow' We also learn that 
the moon is not self-luminous , it merely reflects the sun’s 
light 
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Intensity of Light — The intensity of light is the quantity 
of light received on a unit of surface 

Place a square of cardboard, \ (fig 62), i" side, one foot away 
from a candle, and a white screen 2 feet away The shadow B 
measures 3 inches side If A be removed, the light that fell on A 
(i square inch) will fall on B (4 square inches) 




The intensity at b is one-fourth that of a Similarly, the 
intensity at c (three feet aw'ay) is one-ninth that of A 

By doubling the distance the intensity becomes one fourth , 
by trebling the distance the intensity becomes one ninth 

If the screen in any position be inclined, the area illuminated 
is increased, and therefore the intensity of illumination is dimi- 
nished 

I [The intensity of illumination \anes inversely as the square 
/ of the distance from the luminous body] 

The intensity changes with the inclination 


Examples L 

1 If you make a pinhole in the bottom of a box, and replace the lid 
bj a piece of tissue paper, you see on the paper pictures of external objects 
Explain the formation and character of the pictures 

2 When sunlight passes through the spaces betw een the leai es of trees, 
circular patches of light are seen on the ground Whj ’ 
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3 ^ oil cannot see the shadow of a hair held at a foot distance from a 
wall against which, the sun is shining whereas jou see the shadow when 
the hair is held close to Uic w all \\ hat is the reason ’ 

4 The centre of a limiinous sphere y' diameter, is 3" from the centre 
of an opaque sphere i’" diameter Sketch the shadow on a screen 6" 
from the centre of the luminous sphere 

5 Explain the terms pencil, raj , medium 

6 \Miat IS meant bj the umbra and penumbra of a shadow ’ How 

could JOU show bj expenment that from the penumbra, part of the lumi- 
nous bodj can be seen ’ ^ 

7 \ small ball is held Ih-forc a luminous point , draw and dcscnbe the 
form of the shadow on the wall Will there be a penumbra’ Replace 
the luminous point bj a luminous area What effect will this ha\c on the 
shadow ’ 

S Dc>cnbc and illustrate a total eclipse of the sun \ person sees a 
partial cclip-c , is he in the umbra or penumbra of the shadow ? 

9 The outline of the umbra of the earth on the moon in an eclipse is 
alw-aj -3 circular What information docs this gixe regarding the shape 
of the earth ’ 

10 bupposc light proceeds from a luminous i>oint iz' distant from a 
screen a piece of square caraboard 4" «idc is held parallel to the screen, 
4" from the luminous point Find the •'rca of the shadow 

11 In No 9 the screen is inclined to the cardboard , how docs this 
affect the area of the shadow ’ 

Photometry, — The law of imcrsc squares le'ads to a useful 
result 

Fur Shadow Photomltlr — Tike a cjhndcr of wood iS'' 
high, and i" diameter a square of white cardboard 2' side, a 
lamp or gas flame, and a candle PI ice the cjlmder near the 
screen and the candle at a distance of 18" from the screen The 
lamp flame should be the same height as the candle-flame Moxe 
the lamp until the shadows of the cximder appear side bj side 
equally dark, and therefore cquallv illuminated (fig 63, a) 

The candle illunnnatcs s„ and the lamp tlhiminates s. The 
quantities of light receded at s„ Sj(fig 63, 11) are equal *J3j the 
law of «nv_ersc_squarcs, the_illunnnating_powcr of the lamp is 
to the illuininating power of jthe candle.as the .squares of-their 
distances from §2 and Si, 

In an experiment u s, was 12", and L, Sa was 30" , there- 
fore the light of the lamp was to the light of the candle as the 
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square of 30 to the square of 12 — that is, as to i The 
light of the lamp was equal to that of 6^ candles 
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Bunsen’s Grease-spot Photometer — A circular piece of 
writing-paper, stretched on a simple frame, has a small grease- 
spot made in the centre with a drop of wax from a candle 
■l^Tien both sides of the paper are equally illuminated the spot 
becomes invisible 

Arrange a gas flame or lamp, a candle, and the photometer, 
on a dnnded scale. Moi e the photometer till the spot disappears 
(fig 64) 
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Example the candle is 15" and the gas-flame 45" from 
the photometer The gas-flame being three times the distance 
an ay that the candle is, the illuminating power will be 9 times 
that of the candle 




In gas reports, the standard candle is a sperm candle, 6 to 
the pound, burning at the rate of 120 grains in an hour 

•' To verify the laws of inverse squares — Cut a piece of tin 
the shape of fig 65, B, turnup the edges at the dotted lines, and make 
fi\ e holes, abcde Place tacks through abde from the other side 


find solder them , fasten the tray to a rod by passing a tack 
through c 

Cut five pieces of candle from the same candle , place four of 
them on the tacks m abde, the fifth on a single stand , tnm care- 
fully, so that the \\icks are all the same size and height, place four on 
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one side of the grease spot photometer, and the single candle on the 
other side Find the distances at which the spot disappears 

The four candles should be at twice the distance of the 
single candle from the screen In a similar manner use the 
five candles with the shadow photometei 

* Examples II 

1 Describe an expcnment, made with the shadow photometer, to test 
the illuminating powers of two sources of light 

2 State, and explain, the relation between the intensity ot the light, 
which falls on a given surface, and the distance of the source of light 
from the surface 

^3 Of two gas flames, one gives out 25 times as much light as the other 
If you test their illuminating powers by means of a Rumford’s (shadow) 
photometer, and 30U place the smaller flame at a distance of two feet from 
the screen, at what distance from the screen must the larger flame be placed 
in order that the shadows of an opaque object cast by the two flames may 
be equally illuminated ’ 

4. Explain the pnnciple of the Bunsen (or grease spot) photometer 
How would j'ou prose that the illumination of anj surface is ms crsely as 
the square of its distance from the source of light ’ 

5 In fig 62 if A be a disc 2 ' diameter, 3 ' from the luminous point, 
svhat shape and size will the shadosv B be, svhen it is 7" from the point? 
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CHAPTER II 

* REFLECTION OF LIGHT MIRRORS 

^Reflection of Light — When light falls upon a piece of 
looking-glass or bright metal, the light is reflected 

ns a piece of looking-ghss i' side (fig 66) A thin rod (a 
straw answers as well\ represented bj no, is fastened perpendicu- 
lari} to Lwith white wa\ Abe.ini of light is deflected bj .a mirror, 
M, so that It stnkes l at the foot of the rod , it is reflected in the 
direction NR. A cardboard semicircle of i ft radius is dnided 
into degrees It can alwajs be so arranged that the rajs MN and 
NR, and the rod No he m the plane of tlie semicircle Measure the 
angles onm and onr m %anoas positions , the\ arc alwajs equal 
In order to obsen c casih the path of the raj s hold smouldering paper 
near the path of the beam, and read the angles from o 


O 



The ray tha,t _strjkesJthc_ glass , is called the 
the ray that is reflected,, thc^«://ft/f</-rnr) ' X line perpen- 
^i ^laf to a:3urlace-^-a.,pomtT..is called Jthe„//WJ«tz/-at that 
point It IS represented bj the line N* o 

The angle Mxo, avhich the incident rav makes with the 
normal, is called the angle of tnadence The angle rno, 
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which the reflected ray makes with the normal, is called the 

angle of leflection 

We conclude that — 

(1) The angle of incidence equals the ingle of reflection 

(2) That in whatever position the incident ray meets the 
mirror, a plane (the sheet of cardboard for example) can be so 
placed that it passes through the incident ray, the reflected 
ray, and the normal 




A rotating mirror— ab (fig 67) is a deal board 12" x 4" A 
line CD IS draw n upon it parallel to the sides A cork is glued at A, 
and a piece of glass tubing V' diameter, D, is passed through the cork 
so as to be parallel to the line , two threads are stretched vertically 
and honzontally across the end nearer to the mirror, so as to cross 
in the centre A moiable dnided circle made of cardboard 6" 
radius is centred on the line. Two movable arms, E and r, of thin 
rod are movable on the same centre To r is attached a piece of 
looking-glass c so that it stands vertically with its reflecting face at 
the centre r is the normal to the glass On E, .at radius distance, 
fix a pm w ith a bright head Place the mirror in any position . 
move the circle so that F is at 0° Move the arm until the im.agc 
of the pin head seen b> looking through the tube is at the intersec- 
tion of the • breads As before, the angle FCE equals the angle FCD 
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Turn the mirror through io°, the motion is shown b> F Mo\e 
E until Its image can be seen , it must be mot ed through 20° Turn 
the mirror through 5°, 20’ S.c , and repeat The motion of the pin 
is alwajs twice tliat of the mirror 

If a mtiror l>t niadt, to roiatt, the refleckd ham moves through 
twice the angle passed over by the nmror ' 

Light IS in itself invisible — ^Thc njs of the sun are seen 
on account of the particles of dust in the air, which, reflect the 
light The following experiment illustrates the imisibility of 
a beam of light. 



Fig 63. *• 

The objectit cs of the lantern are remot ed and a black card w ith 
a circular hole in the centre is placed in the stage , this is focussed 
wath the loose lens (fig 68) Interpose a mirror and reflect the beam 
lerticallj into a glass jar co\crcd with a glass plate Notice how 
feeble the illumination is Drop a piece of smouldering paper into 
the jar , as the smoke forms, the jar seems filled with diffused light 
Remo\e the plate , as the smoke disappears streaks of darkness 
appear If the jar be filled with distilled water, the beam is 
scarcelj apparent , on adding a little milk the patli is distinct (A 
sunbeam through a hole in the shutter w ill answ er belter than the 
lantern beam ) 

Although the particles of smoke are black, the reflected ra\ s 
are tthite The moon at its surface is dark, j et it appears to us 
1 white 

i\r^f^"B,egular and Irregular Eeflecfaon — Diffusion — jjn an other-, \ 
yXiise darkened room, allow sunlight, or a lantern beam, to fall in ' 
/ succession upon a piece of looking-^lass, a sheet of tin, a sheet of 



96 


Light 

\\hite cardboard, and a sheet of blackened cardboard From the 
looking-glass a distinct spot of light is obtained on the m all, and the 
jsurface of the looking-glass cannot easily be seen The sheet of tin 
gives a fairly distinct spot , its surface can be seen more readily 
tfrom any part of the room than that of the looking-glass The sheet 
of white cardboard gives no distinct spot , but its surface can be 
seen distinctly from any part of the room Tlie black sheet of caid- 
boird does not reflect light 

Mirrors, and polished sheets of metal, ire called good 
reflectors, they reflect light in a definite manner , their sur- 
faces are smooth Sheets of cardboard reflect light irregularly , 
the rays are diffused and are able to strike the eye m anj part of- 
theroom, in a similar nay the-tr-ees, furniture, diffuse-the-light 
that falls upon them, and become visible to us Blackened 
cardboard and similar bodies absorb the light and appear black , 
they are bad reflectors 

The surfaces of highlj -polished mirrors are seen with diffi 
culty, they only become visible on account of the few rays 
diffused , Similarly while i\e see distinctly the images reflected 
in the juiooth lake we do not see the surface of the tvater , if, 
however," the surface becomes broken by a npple, rays are 
diffused and v\e see the water Itself ) 

Plane Mirrors — Mirrors are made of polished metal or 
of smooth glass backed by an amalgam which gives a good 
reflecting surface When the surface is a plane, such as an 
ordinary looking-glass, they are termed plane mirrprs 

If a pencil of light, ab, from a luminous object a, from any 
cause be deflected and enter the eye in the direction b c, the 
luminous object appeats in the prolongation of c b, that is at a > 
(fig 69) 



Fig 09 


If a luminous point a (fig 70) be placed in front of a plane 
mirror ss, rays will stnke the mirror tn all ditecftons from a 
and will be reflected according to the laws of reflection , a 
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few such rajs are dra\Mi , the normals are ^ 

reflected m3sy;//.r/,&c. all to come 

on the perpendicular produced, os far behind the mirror as 



IS in front a' is called, the optical image of a Usuall) only 
a section of the mirror is shoi\n, as in fig 7^ 
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To draw the image of an object ab — All bodies are made 
up of points, and the image will be the image of an assemblage 
of points The image of a (fig 72) is first obtained (Dflf=DA), 
then the image of B the images of intermediate points w ill he 
between a and h It is also plain, that by doubling cda n over 

H 
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on cDrt^, the figures ^^lU coincide, that is, the image is the same 
size as the object Only a small portion of the surface is con- 
cerned in reflecting the rays , a person standing upright can 
see a complete image of himself in a looking-glass one half 
his height , the student can prove this by the aid of a diagram 
The images m plane mirrors have no actual existence, the 
rays of light only appear to come from them , such images are 
called virtual images 

The course of the pencil of rays is traced from a and b to 
the eye The rays appear to the eye to come from a and b 
Lateral Inversion — As we stand in front of a plane mirror, 
our right hand appears as the left hand of the image, this is 
termed * lateral inversion ’ As a result of this, if we ivTite on 
paper, blot it, and hold the blotting-paper in front of a mirror, 
the writing can be read 

Inclined lUirrors — Take tw o square pieces of looking-glass 
' tabout I foot side) , i arnish the backs, or cover them w ith card- 
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board Join two edges with paste and black nbbon, so as to make 

ahinge Infig 73» ss„ ss_, are the honzontal sections of two mirrors 
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at nght angles to each other, each standing upnght on a sheet ot 
white cardboard Print the letter ‘ p ’ as in the figure 

The letter is reflected m the mirror ssj at b„ and in the 
mirror sSo at Bg The image Bi is reflected in the mirror 
sSj, and the image Bo in the mirror ss, If the hinge be a 
good one, an image B3 will be seen Draw the above with 
mathematical instruments, applymg the laws of reflection The 
images of Bj in sSj and b, m ssi coincide, so that only one image, 
B 3 , results Notice the lateral inversion in Bi and Bo, but that 
there is no lateral inversion in B3 


Arrange tne mirrors so that they form an angle of 60° Count 


the images and draw the figure 
For simplicity a luminous point 
A IS shown (fig 74) In the ev- 
penment use a candle flame. 

The images coincide at 
gA, The path of the rajs by 
which is seen is drawn a 
IS reflected in sSj as Aj A| is 
reflected in sSj, as Ag, &c 

As the angle between the 
mirrors diminishes, the num- 
ber of images increases With 
tw o parallel mirrors an infinite 
number would be seen, if light 



were not absorbed, reflected, and diffused Practically a senes 
IS seen, whose bnghtness becomes fainter and fainter, until the 
distant images become invisible 

The Kaleidoscope is an instrument, made bj placing two 
strips of glass in a tube, so that they are inclined at an angle of 
60° , one end of the tube is closed by a piece of roughened glass, 
on this IS placed pieces of bnght coloured glass and beads, 
kept looselj' in their places by a sheet of plane glass On 
looking m at the other end, and holding the tube to the light, 
vanous coloured images are seen, formed by reflections in the 
inclined mirrors 


Transparent bodies, such as unsilvered glass, can reflect 
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light On looking at a window-pane obliquely, we see the ob- 
jects outside the room, and also the images of the curtains and 
furniture inside the room iThis mixing of objects and images 
IS the pnnciple of most ghost experiments 

B,eflectmg Power of Bodies — The reflecting power varies 
in different reflectors, and also varies with the angle of incli- 
nation Still water reflects i8 rays out of i,ooo when the 
light falls perpendicularly, 333 rays when it makes an angle of 
80° with the normal, and 721 rays when it makes an angle of 
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89^ with the nonnal , the remaining rays are either absorbed or 
are reflected irregularly By holding a sheet of foolscap near 
a flame and looking at the paper obliquely, an image of the flame 
can be seen produced by the dull surface of the paper 

The image of the house (fig 75), reflected by the still surface 
of the water, is formed according to the laws of reflection If 
we be far above the surface of the water, or so situated that the 
reflected rays reaching the eje, make a small angle with the 
normal, we are frequently unable to see the reflected images 
The reason is, the incident mys make a small angle with the 
normal, and too few of them are reflected to affect the eje 
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The light seen on the clouds morning and evening, is 
another illustration of reflection, the rays are unable to reach 
us direct, they strike the clouds obliquely, and affect our eyes 
after reflection 

The image seen in smooth water, is equal in size to the 
object , the surface acts like a plane mirror When the water 
is thrown into ripples, it represents a large number of surfaces, 
inclined at various angles to us , instead of one image, we see 
many, formed by the various surfaces, these become blurred and 
by running into each other, form an indefinite lengthened image, 
that IS, in reality a combination of a number of images The 
effect IS best obser\ ed at night, w hen the object is a powerful light 
or the moon, and we see a track of light Every little w'ave be- 
tween the observer and the object has some part of it so inclined 
that it reflects momentarily the luminous object Rays from the 
object strike other parts of the surface, but are not reflected so 
that they reach the eye , these parts thus appear compara- 
tively dark If the water be very much broken, the rays are 
irregularly reflected, and we see no distinct image 
'"^It has already been shown that it is difficult to see the sur- 
face of a good reflector , if an opaque body cast a shadow 
on such a reflector, it is difficult to see the shadow The 
opaque body cuts off the rays, that w'ould be diffused from 
the part of the surface occupied by the shadow, but these being 
few in number, there is no appreciable difference between the 
number of rays that reach the eye from the shadow, and from 
any other equal surface of the reflector, that is, the shadow on 
the surface is not seen If such a surface (a mirror for 
example) be covered with dust, more rays are diffused, and the 
absence of these rajs from the shadow portion, is distinctly 
observable 


Examples III 

1 Is the expression ‘ I see a sunbeam ’ scientifically correct ? 

2 A person sees his image, in a looking glass inclined to the floor al an 
angle of 30° Show by a drawing the size and position of the image 

3 A person is equidistant from two plane mirrors, which meet in the 
comer of a square room Explain in what way the image of himself, 


102 


Light 

which he sees when looking towards the corner of the room, differs from 
the images which he sees when looking towards the sides of the room 

4 I stood jesterdaj beside a muddy lake with the sun behind me 
My shadow was thrown distinctly upon the water I stood afterwards 
beside a clear, deep lake, with the sun likewise behind me, and saw no 
shadow Explain these obsenations 

5 When the sun was o\ erclouded, as I stood beside the muddy lake, 
my shadow disappeared , but the images of trees on the opposite bank of 
the lake did not disappear Explain the reason 

6 What IS meant by ‘ lateral inversion ’ ’ 

s 7 A sunbeam passes through a darkened room when the blackest 
smoke IS caused to cross the beam it appears white to an e} c placed in the 
larkness Explain the effect 

' 8 When a plane mirror is turned about an axis in its own plane, ex 
plain the change of position of the image of a small object seen by reflec 
lion in the mirror, and point out its relation to the laws of reflection of 
light 

« 9 Explain bj aid of a diagram how a person can see a complete image 
of himself, in a plane mirror one half his height 

A 10 Smol e the outside of a glass tube Cover one end with tinfoil 
and prick a pinhole in the centre of the tinfoil , look through the other end 
at a candle Explain the formation of the concentric circles of light 

Spherical mirrors — Curved mirrors are generally part of a 
spherical surface If the reflection be from the internal part 
of the sphere, they are called concave mirrors, and convex if 
the reflection be from the outside of the sphere 
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Suppose that a b (fig 76) is the section of a concave mirroi , 
c, the centre of the sphere, is called the centre of curvature, 
o the apex, and c o the principal axis A very small portion 
of the mirror at any point a will be a plane, of which A c, the 
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radius, ■vrill be the normal . and if any madent ray s rt, strike 
the mirror at \ the reflected ray tnll be A. F (angle SAC = angIe 
F -vC) the same is true for any very small portion of the mirror 
as L. o and B > If the arc «. b. the section of the reflecting 
surface., be small compared with the radius co it is found 
both by measurements and experiments, that all incident rays 
s T L, X B &C. parallel to ike pri?^apal axts, after reflection 
pass though the same pomt f, in the pnncipal axis This point 
IS imdwa} between c and the mirror and s called the prixcipal 
F occs , f o IS ibe fccal hn^h of tne mirror 
“To find the focal length of a concave mirror — ^The ra\s 
from a distant object are p-actically parallel {irg 77) 



Hold a mirro” so that the iz\ s of the sim fall upon it and are 
paralleljo^its princi pal ayrs Recen e the image upon a small p ece 
of ground glass ? leasure the aistance of the bright point (the 
I’-iage of the sun) from the mirror, this is the focal le^h Heat Is 
a^so reftected to the focus, and, if the glass be large enough paper 
can be ignitec- If tne focal length of the mirror be smalL a candle 
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20 or 30 feet away maj serve as the distant object , the image can 
be leceivcd on a small screen of tissue-paper fixed m a penholder 

The focal lengths obtained b> these ti\o methods will prac- 
tically be equal Concave mirrors are sometimes called * burn- 
ing mirrors ’ , the reason for this name is evident 

The positions of the object and the image — From fig 76 
we see, that if a luminous point be at c, all rays will be normal 
to the mirror, and therefore will be reflected back to c When 
the object is at the centre of curvature, the image will be at the 
centre of curvature 

Arrange a mii ror as in fig 78 The line represents the principal 
axis The screen is a square of cardboard Place the candle as 
close as possible to the screen, the pnncipal axis being betw een 
them , and move the mirror until a distinct inverted image is ob- 
tained on the screen 


O 

Candle Fio 78 

The distance from the candle to the mirror, is the radius of 
curvature, and therefore double the focal distance The in- 
verted image is equal in size to the object A slight displace- 
ment of the candle up or down, causes a motion of the image 
down or up, this is due to the object not being exactly on 
the principal axis, the rajs thus come to a focus an equal 
distance from the principal axis 

If we place the candle as far awa> as possible, and then move it 
towards the mirror, we shall find that the inverted image, smaller 


Mirror 

-) 


Screen 

I Focus 
I 

o 

Candle pjo, yp 

than the object, inoi es from the focus toivards the centre (fig 79J 
and increases in size as it approaches the centre, where the object 
and image are equal Continue to move the candle towards the 


Mirror 

-) 
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mirror , the image rapidly moves away and increases in size (fig 8o) 
As the candle approaches the focus we find that we are unable to 
obtain a good image At the focus no image seems possible 

Screen Mirror 

Focus 

1 _ 

o 

Fig 8o Candle 

If u e remember that the focus is the intersection of parallel 
rays after reflection — that is, of rays from an object at an in- 
finite distance — we shall conclude that the object has moved to 
an infinite distance So far we have obtained an image upon a 
screen , the screen is not essential, if we stand so that the 
image is betiveen our eye and the mirror, and about a foot 
away, it can still be seen in mid-air, when we remove the screen 
of tissue-paper The image is real, and with a hand-lens i\e 
can magnify it 

Move the candle from the focus towards the mirror , no image 
IS formed upon the screen, but we can see an upnght enlarged image 
apparently behind the mirror 

This image, like the image formed by a plane mirror, is 
a virtual image 


) 



Fig 8i 


Whenever a real image iS obtained, the image and object 
can change places When the object is a point of light, the 
position of the image b (fig 8i) is called the conjugate focus of 
the object b , if the candle were placed at b, then the image 
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would be at B A good gas-flame answers even better than a 
candle in the experiments — the illumination is more powerful 

1 he distances of an object and its image, from a concave 
mirror, are connected by a rule that jou should verify with 
some of your measurements 

TJie sum of the leciprocals^ of the disiatice of the object and the 

image fi om a concave miiioi, is equal to the ; eciprocal of the focal 

distance J~- 

vt. ' V' —* jc 

eg the focal distance of n concave mirror was dctcnnined by 
two methods to be 8 inches , when the object was 40 inches from 
the mirror the image was 10 inches 


X 

30 


r 

40 


\Vhen an object was 20 inches from a mirror, the image was 
too inches aw ay F ind the focal length 

Reciprocal of focal length = = ib 

the focal length = = 165 inches 

To jobtain the positions of images by constmction — We 
may determine the position of an image by construction, because 
(1) rays parallel to the principal axis will after reflection pass 
through the focus , (2) any rays passing through the centre wall 

after reflection pass through 
the centre, (3) all rays that 
pass through the focus will 
after reflection be parallel 
to the pnncipal axis 

In fig 82, A B, the object, 
is beyond the centre, e The 
ray Ad parallel to the principal axis is leflected tlnough / the 
principal focus, as dfa The lay Ace after reflection le 



Fig 82 
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In fig 83 the object is bet^\ een the centre and the focus The 
image is real, im erted, and enlarged 


In fig 84 the object is 
between the focus and the ■ 
mirror The rajs after re- 
fiection appeal to come from 
ab The image is viifual, _ 
upright, and enlarged This 
show s how a concave mirror 
of great focal length can be 
used as a mirror in a room 



Use the same construe- 

tion in all cases, and compare your results wnth those obtained 
by expenments 

Convex Mirrors — ^The image is always zirtual, upright, 
and smaller than the object 
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Fig 85 shows how the image ab may be obtained The 
focus which IS vntiial, is determined by construction, as in the 
case of concave mirrors A little consideration will show, that 
no matter how large the object may be, it is possible to produce 
an image of it, by the aid of a reflectmg sphere , the image of 
the street and objects m it formed in the globular chemists’ 
bottles will readily occur to the reader Fig 86 also illustrates 
the use of concave mirrors 

The Size of the Image — In all cases of mirrors, the size of 
the image is to the size of the object as the distance of the image 
ftom the mirror is to the distance of the object from the ntirroi 

' - E\a 1 ipies IV 

1 WTiere should a bright light be placed in front of a concave mirror 
so that the reflected rajs shall be parallel’ 

2 Is the general effect of a convex mirror to cause divergence or con 
vergence of incident rays ’ Illustrate your answ er by a diagram 

, The radius of a concave reflector is 20 inches, calculate the focal 

length How would you find the focal length by expenments ’ Which 
method is the most accurate ’ 

4 A gas flame is 36' from a concave reflector , its image is clearly 
defined on a screen 50" from the reflector Find the focal length and the 
radius of the mirror 

5 The radius of curvature of a concave mirror 15 12" a bright object 
IS placed 18" from the mirror Find the pocition of the image Where will 
the image be when the object is 5" from the mirror ’ 

■'6 Explain, and illustrate by a figure, the path of a beam of light from 
any source, which is reflected by a concave spherical mirror 

7 If you look at jourself in aconvex spherical mirror you see an upright 
image Under what circumstances can you see an upright image of your 
self m a concave spherical mirror ’ Wliat difference is there with respect to 
size, between the images seen in the two mirrors’ 

8 Explain, giving a drawing, how it is you see jourself as you do in a 
polished metal ball 

9 What IS the difference between a ‘ real ’ and a ‘ v irtual ’ image ’ Giv e 
a drawing, show ing the formation of one of each kind 

10 Given a concav e mirror whose focal length is 12 inches, where would 
you place a candle flame, in order that the image of it, formed by the mirror, 
may be (i) real, (2) virtual’ 
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Hcfraction — rh<t- ^ •■oin « tlu hoitom «jf i bi**!!!, and mo\c 
:bc Imin «o tint the emn it nt‘>t litddtii bj the ed^’c Without 
mrmnt: the r>c pour wntir 
into t!ic b'l^m , the roin bt 
coinr<; M'^iblt (t'ljj i.7) 
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I ig hf) rrpresfiit* a itclmguhr 
trt)ii;,ih, lb" It'/ a", one end of pi is>., 
til' rest tin A rirrh, 5 ' ndius, i, « ut 
out of the fioiit fire md jjhs. *iihsti 
tutid *Ihc ‘trip on iht lop 18" * a", is inoi,ible‘, .mil Ins two 
11 irrov flips < in^ in it 111 icl in the t inks and the strips, dmw the 
lionront.d and vctird di iinitir., and fill with water toe By a 
mirror, M, rcflcrt a par.dhl bt.im through the sht, so that it meets 
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the water at c The refraction of the beam is distinctly seen You 
Will not fail to observe that part of the beam is reflected as C R. 


IVhen light passes from air to a denser medium, part is bent 

towards the normal, and is 
i refracted, part is reflected 
and part is absorbed 



The law of sines — 
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is the Sine of the angle of 

C I* 

incidence, — the sine of 

EC 

the angle of refraction 
(fig 89) It IS found that 
whatever the angle of in- 
cidence may be, the ratio 

S-? — — all! ays giv es the 
B c EC 


same number — in this experiment as nearly as possible — / 

3 I 

This number is called the index or refraction for air and^ 
water , from air to glass it is 

2 

The laws of refraction are — 

I The incident ra}, the refracted ray, and the normal are 

in one plane 

2 The ratio ob- 
tained, by dividing the 
sine of the angle of in- 
cidence, by the sine of 
the angle of refraction, 
is the same for the same 
media This ratio is 
called the index of re- 
fraction 

Some results of re- 
Fio go. fraction, — stick partly 

under water, seems to be 
bent at the surface , the tip of the stick and all of it that is 
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you can easily find a position in ^\hlch the rays from the eye, to 
every part of the under surface, make a greater angle than 48^® 

Avith the normal A brilliant mirror, 
due to the total reflection of light, is 
the result 

Transparent glass when finely 
ground loses its transparency, light 
is diffused at the surface, and tht 
few rays that pass through the upper 
layer of fine particles, are refracted 
in passing from the glass to the air 
between the surfaces , the effect of 
this combined irregular reflection 
and refraction is, that the fine glass 
becomes opaque If a liquid be poured over the glass whose 
refractive index is the same as that of glass, the result w ill be 
the same, as regards the action of light, as if the surface w ere 
made smooth and all the small spaces were filled with glass, 
that IS, powdered glass becomes again a glass plate and is again 
transparent 

Kie mirage — ^Under certain conditions, the layers of air 
nearest to the earth are less dense than those above Light 
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from A (fig 93) IS refracted the normal , the refraction is 
repeated at each layer until at o the critical angle is reached, 
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and the ray becomes reflected, it is then refracted upwards 
toioards the normal The traveller sees a in the direction the 
ray reaches his e) e, and it appears as at a The image may 
be seen, e\en when an obstacle prevents the object being seen 
by direct vision 

Re&action through a thick plate. — Hold a piece of thick 
glass obliquely, and look at an object, such as a post or w indow , so 
that part is seen through the glass, and 
part by direct vision The object seems 
broken at the edge of the glass 

Let be a ray of light incident 
on a tnick glass plate ss3X.b (fig 94) , 
the raj is refracted to 0 and, again, on 
leaving the glass in the direction cd ^ 
cd parallel to ab , the ray has 
mov ed to the left , an observ er sees /r, 
m the direction dee^ if the raj pass 
through the plate, whereas if the plate 
be absent he sees it in the direc 
tion b a I'lo 94 

In the stage of the lantern after lemoving the objective, fiv a 
blackened glass with a few upright lines scratched on it , focus with 
the lens the image on the screen In front of the slide place a 
thick glass plate, so as to cov er it half-vv ay up As long as the plate 
IS parallel to the slide, the image is unbroken Now turn the thick 
plate, so as to make an angle with the slide, keeping it veitical 
the displacement of part of the image due to 
refraction, can be seen on the scieen 

Multiple images seen in glass 
mirrors — Place a candle near an ordinary 
glass mirror, and look at the mirroi obliquely, 
sev eral images can be distinguished 

The ray from A (fig 95) meets the glass 
at b, part is reflected as bv., and the eye 
placed beyond E H sees the image at a Part 
of the ray enters the glass, is refracted to f, 9s 

the metallic surface, it is there reflected to rf, at it is lefracted 
to H , the eye sees the image (the biightest image) at a', the ray 

T 
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cdvs further reflected at d, and after reflection and refraction pro- 
duces other images less distinct 

Incident light upon glass is broken up into reflected light 
(regular and irregular), the light that is absorbed by the glass 
and the light that passes through or is transmitted 

Examples V 

■' I A candle is pheed at a gi\cn small distance in front of an ordinary 
looking-glass, made of thick plate glass, quicksihered on the back, anej a 
person looking obliquel) into the mirror sees several images of the candle 
£\plain this, and show the exact positions of the images by a diagram 

2 Explain clearl} what you mean by the statement that the refractive 
index of v\ ater is 5 How do you account for the appearance presented by a 
stick held in an oblique position, partly immersed in water, to a person look- 

ng at It sideways’ 

3 If you hold a glass of water w itb a spoon in it, a little abov e the lev el 
of the eye, and look upwards at the under surface of the water, you will 
find that you are unable to see that part of the spoon above the water 
Explain tins 

4 Explain why a fish seen in a pond, or in an aquarium tank, appears 
to be nearer the observer than it really is Draw a picture to illustrate your 
answer 

' 5 You have a piece of thick plate glass, through which you look at a 

vertical pole (say a telegraph pole) The glass being held so that part of 
the pole IS seen directly, and part through the glass, describe and explain 
the change in the apparent position of the part of the pole which is seen 
through the glass, w hen the latter is turned about a v ertical axis 

6 A thick plate of glass is interposed obliquely between a candle and 
the observer’s eye Will the apparent position of the candle be altered by 
the glass Draw a picture illustrating your answer 

7 Explain the images of a candle that are seen when a thick glass 
mirror is used , would they be seen in a polished silver reflector’ 

■^8 Account for the transparency of paper which has been soaked in oil 

Prisms — Hold a prism in the hand, and look through it at 
a lighted candle (fig 96) , the candle seems raised , the ray de\s 
refracted as eh and h h, the eye sees the image of the candle at / 

The angle d 0 called the angle of deviation , luis is the 
lefracting angle, and A the refracting edge of the prism 

Make a small hole in the centre oj" a sheet of blackened card- 
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board (fig 97) Place a candle m front, the wick being the same 
height from the ground as the hole Receive the spot of light a 

A 



on a screen Behind the hole place a prism with the refi acting 
edge horizontal and parallel to the screen The spot of light is 
moved to and by join- 
ing these two positions 
with the hole, the angle 
of deviation is practi- 
cally found i 

Remove the objec- 
tives and condenseis 
from the lantern, focus 
a small hole in the cap 
ivith the loose lens on 
the screen, obsen'e its 
position Now place a 
wedge of glass (a prism) 
in the path of the rays , 



Fig 97 


the spot moves towards the base of the pnsm, and the direction 01 
the ray makes an angle with its former direction v 


If you place a similar wedge base to base, the displacement 
of the spot of light increases If they be arranged so as to form 
a plate, the emergent ray may be slightly displaced, but it will 
be parallel to its former direction , if the ray however meet the 
plate at right angles to the surface there is no displacement 
It will be found that the deviation is on the whole towards 
the base of the prism, and, as the angle of the prism increases, 
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the de\iation increases It also depends upon the substance 
Flint glass produces a greater deviation than croun glass , both 
act better than u ater The angle of the prism must never.exceed 
t\nce_the critical angle, otherwise the rays do not get through 
The critical angle for crown glass is 42“ , the refracting angle of 
a crown glass prism must not tlierefore be greater than 8^“ 

A lens acts like a number of prisms — Suppose we have 
a number of small prisms, and we place the prism b (fig 98) 

w ith the largest angle, 
so that a spot of light, 

a, is refracted to c, 
then evidentlj if a 
pnsm //, exactly like 

b, be placed as in the 
figure, it also will refract the light to c Join ac By using d 
and ^ with smaller angles (less deviation) we can by trial find 
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positions so that they also refract 
ri)s from a io e SimilarK' use 
e and /, finally between e and / 
we might place a plate of glass 
with parallel sides Thus a num- 
ber of rays from a can be made 
com erge to c 

n, fig 99, will have exactl) 
the same efiect as a, if the sur 
faces oi a be in p be inclined 
at the same angles as the surfaces 
oia b c in A 

Nature of a lens — A verj 
large number of such pnsms fitted 
together as in 11, w ill form a bod) , 
whose section is c 


A bod} !ike c, when made of a rifraciint^ substance, if called 
a J ENS, and it may bt considettd as bang made up of a largi 
rumoer of pnsms 


It IS found that lenses whose surfaces are parts of the sur 
face of a sphere act like the prisms m fig 99, if the siirfacts be 
small tompand with tie whole surface of the sphere 
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The names gi\entothe lenses (fig 100) are (m) Double 
con\e\ — both surfaces convex, (n) Plano-convex — one sur 
face con%ex, one plane (o) Concavo-convex converging — one 
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surface, com ex, one concave , (p) Double concave — both sur- 
faces concave,, (q) Plano-concave — one conca>e, one plane, 
(r) Concavo-convex diverging — one concave, one convex 
o and R are also called meniscus lenses 

Surfaces of lenses are usually parts of the surfaces of 
spheres of equal radii — Fig loi shows how a double convex 
lens js formed The student should construct figures for the 
jothenhv e lenses 



The line v x, passing tlwough the centres, is the pnncipal 
axis, € n, c in, as before, are the normals at « and m , and cc 
are the centres of curvature o is called the optic^ centre 
The point where the rajs parallel to the pnncipal axis come to 
a focus, after.refraction, is called the pnncipal focus (Compare 
focus in mirrors ) 

Hold the lenses so that the sunlight (parallel rajs) falls upon 
them , find the focus (the point where an image of the sun is formed 
on a piece of metal , measure the distance from the lens to the 
focus , this is the focal distance. 
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With M, N and o a focus is found , they are converging lenses 
■With V, Q and R no real focus is found , they are diverging 
lenses 

Find also the focus of rajs from a distant object (the rays 
are practically parallel) and measure the focal length , if the lens 
be of short focal length, the candle 20 or 30 feet away.may 
serve as the distant object 

The object and the image — Rfal images Place tlie candle 
as far away as possible from the lens, and obtain the focal length 
of the lens , notice the small imcrtcd image (fig 102) obtained on 
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1 piece of roughened glass or screen of tissue piper Adi ince 
the candle towards the lens, the inverted image moves luaj from 
the lens 

At a certain position both image and object are equally dis 
tant from the lens, and both are equal in sue Ihe distance 
between them is then four times the focal length — that is, both 
are twice the focal distance from the lens 

As the candle IS moved yet nearer to the lens, the image rapidly 
becomes larger and more distant AVhen the object is at the prin- 
cipal focus, the image cannot be obtained 

The rays proceeding from the focus will be parallel after 
passing through the lens — that is, the image is at an infinite dis- 
tance (In all these positions the image has been a real ir/tagt{ 
the rays after refraction actually pass through the image, and 
you can magnify it by using a hand lens) ('l^^len the image is 
directly between y'ou and the lens, and about a foot from you,i' 
remove the screen , the image can still be seen, and m that’> 
condition can also be magnified/ 

Virtual Images The Simple Microscope If the 
object advance nearer to the lens than the principal focus, we 
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cannot obtain an image on a screen , but if we look though 
the lens we see an image of the candle upright and enlarged , 
the lens becomes a magnifymg-glass or simple microscope 
Any illuminated object a b placed nearer to a convex lens 
than Its principal focus r produces a Mrtual upright and 
enlarged image \ b (fig 103) 



Fig 103. 

The astronomical telescope — ^^Vhen i\e magnified with a 
convex lens the real images obtained on p 118, Me illustrated 
the principle of the astronomical telescope The rajs from 
the distant object a b, after refraction by the convex lens c d, 
give a real inverted image b^ (fig 104) By placing the lens 



of small focal length, so that^i is between this lens and its 
focus, the eye sees the virtual image b^ upright as regards ^ j, 
but inverted as regards the object a b The large lens is called 
the refractor and the small lens the eyepiece The inversion is 
unimportant in examining the heavenly bodies In terrestrial 
telescopes other lenses are introduced in order to enable us 
to see the image upright 
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To draw the image and objects — ^The image can be ob 
tamed by remembering {a) that a ray parallel to the axis, 
after refraction passes through the focus, and (^) that a ray 
that passes through the optical centre does not undergo re- 
fraction 

1 The obtect ts at a g eater distance fioin the lens, than 
hvtce the focal distance (fig 105) 



The ray a by {d) passes through focus /, the ray a ^ by 
(f) is not refracted , these rays meet in ^ a is the real image 
of A Similarly I is the real image of b If the surfaces of 
the lens be small compared with the surfaces of the spheres., all 
rays from a and b ^Mll pass through a and b 



The image is real, inverted, and smaller than the object 
2 The object ts twice the focal distance, from the lens 
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Use the same construction The image is real, inverted, 



Ref 1 action of Light — Lenses 


1 21 



Fic loS 


ihe same size as the object, and an equal distance from the 
lens 

3 The object ts at a distance^ Itss than twice the focal distance 
(fig 107) from the lens 

The image is real, imerted, at a greater distance from the 
lens, and greater than the object 

4 The object ts befwetit the focus and the lens (fig loS) The 
rajs A f/, after re- 
fraction apftat to come 
from a 

The image is t irtual, 
erect, and larger than 
the object This is the 
pnnciple of the simple 
microscope (See p 
irg) 

You will have noticed 

the analogy between the positions of image and object in con- 
nection with a come\ lens and a concave mirror In both the 
leciprocal of the distance of the object from the lens or mirror, 
added to the reciprocal of the distance of the image, gives the 
reciprocal of the focal distance 

Concave lenses — The effect of a concave lens is to cause 
the rays to diverge after refraction TJie lens is thinnest in 
the middle, and we can 
imagine it made up of 
prisms with their apices 
towards the centre of 
the lens Parallel rays 
AC, B h (fig 109), after 
refraction as c d, h t, appear to come from a point / called the 
virtual focus Pollowing the construction on page 120 it will be 
found that the rays from the object a b, after refraction, appear 
to come from ab, and produce a virtual upright image, less 
than the object 

If we use a concave lens, and examine an object a b (fig 
no), we shall see an upright virtual image a b, smaller than the 
object , the image is generally very distinct, seeing that the 
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light from a large area a b appears to come from a small sur- 
face ab 
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The Magic Lantern — This instrument illustrates the uses 
of mirrors and lenses A lamp dame is placed, at the focus of 
a mirror m thus all reflected rays are parallel , these rajs meet 



the convex lens l, called the condenser, and converge the rays 
to the focus of L The movable lens in, called the objectn e, 
whether single or made of two lenses, acts like one convex lens 
The converging rajs pass through the slide ab , a bis nearer 
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to in than tvnee its focal distance, hence an inverted real and 
enlarged image of the slide a b vi formed on the screen , for this 
reason magic lantern slides are put in inverted b a is a real 
inverted, enlarged image oi a b The objective is moved until 
a clearly defined image is obtained The use of the condenser 
is to throw as many rays as possible upon ab , \{ "l ere re- 
moved, fei\ rays, comparatively, would fall upon a b, and thus 
the illumination of a b would be feeble 

The Eye — ^I’he principal parts of the ej eball, regarded as 
an optical instrument are the transparent curved cornea in 
front, 2 (fig 1 1 2) the crj'stalline lens, a transparent double 
con\e\ lens, 4, and the retina lining the inside, being the 
expansion of the optic nerve, 1, coming from the brain The 
crj’stalline lens dmdes the cavity into two parts, the smaller in 



front, 3 is filled wnth a clear liquid, the aqueous humour, and 
the larger, behind, is filled w'lth a clear jelly, the vitreous humour 
A circular opaque curtain, the ms, in front of the lens, is per- 
forated by a central hole, that forms the pupil , the ins gives the 
colour to the eye 

Rays from an object, are refracted by the cornea and the 
lens , they form a distinct inverted image on the retina, and the 
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impression is conveyed to the brain The study of lenses has 
shoivn, that the distance of the image from the lens will change, 
as the distance of the object changes The eye adapts itself 
by an alteration in the convexity of the crystalline lens, so that 
the image on the retina is, in a healthy eye, always sharp 

Short-sight Concave spectacles — In certain eyes the 
cornea and the lens are too convex, rajs from an object M 
(fig 1 1 3) come to a focus, ///, too far in front for any possible 



flattening of the lens to correct, the result is a blurred image on 
the retina On bringing the objects nearer, to Mj, the image 
recedes and forms clearly on the retina at in\ In order to 
remedy this short sights a suitable concave lens is placed before 
the eye, this causes greater divergence of rij’S, producing a 
Similar effect to bringing the object nearer to the eye 

Long-sight Gonvez: spectacles — Long sight is caused by 
the flattening of the cornea and the lens, and is generally due 



to age The focus of an object m, at an ordinary distance (fig 
114) IS behind the retina at m , a distant object. Mi, has, of 
course, its focus nearer to the lens, and is thus distinctly seen 
A suitable convex lens l, causes the rajs from m to converge, 
that is, they enter the ej'e as if they came from a distant object , 
the defect of long sight is thus remedied, and a book can be 
read, or near obiects seen with ease 
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E\ami*les \ I 

1 E\plain the aifiertnt efiects produced b\ a con%ev lens \\hcn it is 
used (i) as the object glass of a telescope, (2) as a magnifjing glass 

2 Explain the M a) in w hich a double conv e\ lens is cniploj ed to obtain 
a magnified image of an object What do jou understand bj the focal 
length of a come\ lens’ 

3 On a shoe' of paper placed xcrticallj is wntten a capital L If an 
obscrier stand 3 feet in front of the paper, and hold a double conie\ lens, 
of 6 inches focal length, half i\aj between his eje and the paper, he will 
«ee an image of the letter Draw a picture of the image as seen, and state 
whether it is larger or smaller than the object 

4 State generallj the effect of a lens upon a raj of light passing through 
It Show how, with a double conic\ lens, an image of a lighted candle 
maj be seen (i) inierted and magnified, (2) in\ cried and diminished, 
(3) erect and magnified 

5 A luaiinojs object motes along the axis of a double concatc lens 
Trace the position and size of the tirtual image 

6 Describe a method of determining the focal length of a con\ c\ lens 
Explain the relation between the effects produced bt a comev lens and a 
concave mirror of the same focal length 

7 Explain the formation of the image of an object b\ means of a con 
cate sphencal minor Compare a comet spherical lens with a concatc 
sphencal mirror of the mme focal length, as regards its action on a beam 
of hght 

S Sketch and desenbe a magic lantern, show ing the effect of the lenses 

o Desenbe the astronomical refracting telescope 

10 \Miat 13 long sight and short sight ’ How is each caused and how 
remedied ’ 
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CHAPTER IV 
COLOUR 

Analysis of light. The spectrum. In many e\penments 
with prisms and lenses, the images are tinged n ith colour, re- 
minding us of the hues of the rainbow These colours are due 
to refraction 

In the follow ir.g expenment you may use, as your pencil of light, 
sunlight streaming through a small hole in the shutter, or a beam 
from the lantern To use the lantern remove the objectives, and 
place a cap on, in which is a small hole , focus this hole with a lens 
on a screen, and place the pnsm in the path of the rays 

There is refraction, but instead of one image we find a band 
of colour called the spedtwn The separation of white light 
into Its component parts is called dispersion The white light, 
m passing through the prism, has been decomposed, and we can 
distinguish in order, red (the least refracted of the rays), orange, 
yellow, green, blue, indigo, and violet (the most refracted) 

Place a second pnsm similar to the one used, as m fig 115, so 
that the faces are parallel The light emerging from the second is 

no longer coloured. The second 
pnsm has recombined the colours 
and reformed white light Slip a 
card m between them, so as to cut 
off the reddish rays , the rays e, 
are now coloured blue 

We conclude that white light 
is composite, that it is made up of 
coloured rays, and that of these rays, red is refracted the least, 
violet the most, while the others are intermediate This has 
been proved by analysis by using the pnsm, and by synthesis 



Fig lie. 
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b) the aid of another similar prism A further proof by 
sj nthesis is afforded by the colour disc 

Divide a disc of vshite cardboard into fourteen equal sectors 
Paint the sectors brilliantly m tlie folloii ing order red, orange, 
jelloM, green, light blue, dark blue, purple Paint a black ring 
around the coloured sector, and a black ring m the centre Fasten 
this colour-disc to a w hirling table or top, or merely spin it on a pm 
stuck in the wall andCet the sunlight or a lantern beam fall upon it 

The colours blend and grey light is formed If the colours 
were perfect and the light strong enough, white light would be 
formed 

Fasten pieces of black paper over any of the sectors, say- the 
blue , spin and note the reddish tint , cover the red and a bluish 
tint appears 

Colour IS caused b) suppressing colour, this was also illus- 
trated when the card was interposed between the prisms (fig 
115) red means the absence of blue from white light 



A carbon disulphide pnsm is better than one of glass, and a 
slit is preferable to a hole Place on the lantern a cap with a slit 
and focus this on a screen s (fig 116) is the slit, m a 
convex lens focussing the slit ats' Now interpose the carbon 
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disulphide pi isni l* Q K J lie spectrum is obnined it a' r Pro 
tcct both the lens At, iiid the pnsm w ilh sheets of blackened card 
board, to prevent the passage of stray light Mote the eye along 
the spectrum and look at the prism , in c\crj position you see a 
coloured slit Hold the coloured papers or ribbons in the spectrum , 
a red ribbon stretched along the spectrum appears black at tlie 
blue end, red at the red end i blue ribbon is black sav c near the 
blue end Coloured flowers appear to be colourless (black), unless 
they be placed m the proper pait of the spectrum 

^7 he spectrum is made up of a number of coloured images 
of the silk, and we conclude that the objects around us arc 
coloured, because they only reflect part of the mi\cd white 
light , they reflect their own colour and absorb the remainder^ 

£i cn w iihout a lantern, and independent of the direct sun s ra\ s, 
the spectrum can be studied Alw ays, how ci cr, use the sun spec- 
trum if possible A piece of white paper \" x placed on a black 
ground is viewed with <1 wedge of gliss — a chandelicr-drop \ 
small spectrum is seen Put a similar red stiip end to end with the 
white , only a red spectrum is seen, much smaller than the complete 
spectrum obiained from the white strip , the red spectrum is o\er 
the red end of the complete spectrum With a blue strip, the blue 
end only can be distinguished oxer the blue end of the full 
spcctiaim ' Tlie blue stnji, foi example, reflects only the blue ray s , 
these alone pass through the pnsm and are refracted 

Beflected,, absorbed, and transmitted.colonrs -^Coxer the 
slit of the lantern xx itli the blue glass , all the spectrum disappears, 
sax e the blue end , if the red glass be used, the blue end is cut ofT 
1 f both be used, no spectrum is seen The coloured solutions placed 
in glass cells will gixc similar results ’ 

Red glass is red because the rays at the red end of the 
spectrum alone are transmitted, the remainder being absorbed 
With a pure blue glass only the blue end passes, the red being 
absorbed If botli be used no light passes, and xxe say tht 
colour IS blaxik , more correctly, there is no colour 

If xxe reflect a beam of xxhite light with pieces of coloured 
glass at a suitable angle, the reflected ray is xvhite, just as the 


' A good blue colour is obtained by dissolx ing sulphate of copper in xx atcr 
(I 10) and adding ammonia until the precipitate first formed is dissolx ed 
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moon, in reality black, reflects the white light of the_sun , on 
turning a stick of red sealing-wax round, \shite light can be 
obtamed reflected from, part .of the red wax If the surface 
be rough, the light is reflected from particle to particle, the) 
absorb part, and reflect tne other rays of the spectrum, these 
meet the eye and cause the sensation of colour A similar 
effect IS produced if the rays enter for a small distance into a 
reflector, part of the coloured rays are absorbed, the remainder 
are reflected and are coloured You may illustrate these state- 
ments by reflecting a lantern beam, from sheets of coloured 
paper, and pieces of coloured glass 

Evidently if light, instead of being made up of se\eral 
colours, consisted only of one, shades of that colour alone 
^\ould be seen QVhen salt is burnt in the vick of a spirit 
lamp, or in the colourless flame of a Bunsen burner, a pure 
yellow IS obtained Turn out all other lights and try this red 
lips are nearly black, and all objects in the room are a-shade of 
jellossi 

Ttfldiant Taght an tLHfial^ Attpnnnn has been draun to the 
fact that light and heat are reflected and refracted similarly , 
mirrors and lenses have practically the same focus for each 
Both are propagated by wave motion, the vibrnHon being across 
the line of direction of the i\ave In sound-waves the vibration 
of the air particles v\as in the line of direction (see p 60) 
Between the smallest particles of matter, there is supposed to 
exist a medium called ether , it is by the vibration of the ethei 
spheres, that light and radiant heat are transmitted The vv aves 
are of different lengths, that is, the periods of vibration of the 
particles differ The longest rajs cause the sensation of heat, 
next come the rays that cause the sensation of red colour, 
shorter than these are the rays that cause the sensation of orange 
colour , as the rays become shorter the other colours of the 
spectrum are produced, the shortest of the light waves giving 
the sensation of violet colour There are yet shorter rays than 
the violet, called adimcjiays , they do not however affect the eye 
as regards colour , they are important in photography, from their 
power to affect chemical substances 

Whdn a body is heated, it possesses energy (see p 52), this 

K 
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energy sets in motion the ether spheres, the first naves trans- 
mitted are the heat waves , as the temperature of the body rises, 
the increased energy starts other waves , first we have those that 
cause the sensation of red colour, the body is at red heat , as the 
temperature further nses, shorter wa\es are started, the colour 
changes, until, when all the light waves are in motion, the 
composite effect is white light, the body is at white heat 

Ice transmits the light waves but absorbs the heat waves 
whose energy melts the ice A solution of iodine m carbon di- 
sulphide absorbs the light waves— that is, no light passes— but 
transmits the heat waves Red glass allows the long waves to 
pass, but absorbs the short waves 

A simple colour then depends upon the ivave-lengtb, that is, 
upon the penod of vibration , the intensity of such a colour 
depends upon the amplitude of the vibrations 

The wave-lengths are exceedingly small, there being 33,000 
waves in an inch in a red ray, and 64,000 in an inch in a violet 
ray 

/ All rays are transmitted with the same velocity, the velocity 
of light and radiant heat being i 86 ,ooo-mile 5 -pe r seco nd 

Examples VII 

1 If you hold one piece of glass up to the sun it appears dark red , if you 
hold another up to the sun it appears dark blue If you put the two glasses 
together you cannot see the sun at all through them How is this ’ 

2 How would you disprove, experimentally, the assertion that white 
light, passing through a piece of coloured glass, acquires colour from the 
glass ’ What is it that really happens ’ 

3 A lamp flame, looked at through a glass prism, appears to be coloured 
blue on one side and red on the other Draw a picture tracing the rays 
from the lamp to the eye, and showing which side of the coloured image 
IS red, and which side is blue 

4 Explain, and illustrite b} 1 figure, what happens to a ray of sunlight 
in passing through a triangular pnsm 

5 Why IS it that, if > ou look at a « hite sheet of paper through a slab of 
gloss held obliquely, one edge of the paper looks blue and the other red ’ 

6 Light enters a room through blue glass , what appearance docs a red 
coat present in such a room 

7 Describe an expenment proving that white light is compound 

Hon can it be shown that the constituents into which it is resoKcd are 
not likewise compound^ j'" 

Jr Ct-- 
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CHAPTER I ♦ 

MAGNETIC INDUCTION 

natural Magnets Lodestones — ^The ancients were ac- 
quainted with pieces of black iron-ore that had the property 
f of attracting small pieces of iron and steel ^^hese pieces of 
I ore were found more especially at 
I Magnesia, in Asia Minor, and Mere 
^ called magnets It Mas afterMards 
' discovered that, if suspended freel}, 

' thej pointed north and south , hence 
, the} were also named lodestones, that is leading-stoned Natu- 
ral magnets are an oxide of iron 

Dip a lodestonc into iron filings , the filings attach themseh es 
to It and cluster^thickly near tlie ends (fig 
117) The attraction is confined to iron and 
steel , the natural magnet has no attraction 
for pieces of paper, saMdust, or pieces of 

MOOl 

Place the natural magnet on a stirrup 
suspended b> a piece of untMisted silk It 
sets in a direction nearly north and south 
(fig 1 18) 

Artificial-magnets — Dip a small piece of Match-Spnng or a 
needle, into fine iron-filings , neither, if unmagnetised, m ill attract tlie 
nhngs Rub bothnith the lodestone , they are non magnetised 
and will attract the filings Each is called an artificial magnet 

K 2 
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[ If the piece of steel be already magnetised, demagnetise it by 
‘ making it red hot and cooling it in water 

Artificial magnets are magnetised by other methods, that 
will be given later They are either 
straight bars of steel, and are called 
karjiiagnets, or are bent like a horse- 
shoe, and are then termed Horse- 
shoc Magnets 119) 

0 Repeat c\pcrimcnts similar to those 
made with the natural magnets, and 
show that the bar and horse-shoe 
magnets attract pieces of iron and 
steel, that they have no attraction for 
sawdust, pieces of paper, leaves, &c., 
and that w'hen placed in the stirrup 
they set north and south 

The metals nickel and Qobalt 
can also be magnetised Magnetism is, however, chiefly 
studied m connection with iron and steel 

Ketliods of suspension — It will frequently be necessary m 
expenments to arrange so that bars, magnets, &.c , may be able 

to move freely in a horizontal 
plane The following plans 
may be used 

(i) Make a stirrup with 
copper-wire, md hang it to 
a support by fibres of un- 
twisted silk, or by a horse- 
hair (fig 118) A paper 
stirrup IS also convenient 
(fig 120) (2) Place the body 
on a piece of cork floating in 
water (fig 121) (3) In ordi- 
nary magnets a hole is drilled 
through the centre of mass 
of the needle, generally cut lozenge^shape, and a brass cap is in 
serted (fig 122) In the better needles the top of the cap is made of 
s^ate The cap rests upon the point of a fine needle , the magnetic 
needle is balanced by filing one of the ends A cheap needle can 
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be made thus —Find as nearly as possible the centre of mass of 
a knitting-needle Heat 
the needle to a red heat 
(preferably o\er a char- 
coal fire), and bend it 
into the shape of fig 123 
Again make it red-hot, 
and throw it into water, 
in order to temper it Magnetise it with a permanent magnet 
(p 1421 Draw a piece of glass tubing out to a point, keeping it in 




the flame, close one end, and cut off close to the closed part , the 
piece forms an evcellent cap Heat the glass cap until sealing-wax 
melts upon it, and press the magnetised needle upon it , secuie 
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the cap wnth more wax , the point of a darning-needle, of which 
the e>e end is fi\ed in a piece of wood or cork, senes as the piiot 
If necessaiy gnnd one end in order to make the balance perfect 

The poles of a magnet — The iron filings collect chiefly 
near the ends of the lodestone The two points that possess 
the greatest power of attracting iron filings are called poles 
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Dip the bar magnet and the horse shoe magnet into the filings 
the small particles arrange themsehes chiefly near the ends A 
similar result is obtained by using the small artificial magnets 
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Rub a knitting-needle several times from end to end with one 
end of the bar magnet (see fig 136), always beginning at the same 
end The needle will be magnetised , dip it into the filings and 
observe a like result to the abov e 

The iron -filings collect equally at both ends, ind we infer 
that the poles have equal powers for attracting soft uron 
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By attaching small cylinders of soft iron to the bar and to each 
other, we can roughly measure the strength of the magnet at \ anous 
points (fig 125) 

The magnetic force is greatest at the poles (near the ends)^ 
It decreases towards the centre of the bar, while at the centre 
there is no magnetic force 

The names of the ^oles — Suspend your magnets so that they 
can move in a honzontal plane One particular end of each 
magnet always points towards the north If w e displace the magnet, 
it again sets north and south after a few movements 
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Mark the end that points north in each, and call it the \ 
North-seeking end, and the respective pole the North-seeking 1 
Q pole , the other end is I 

called the South-seeking | 
end, and its respective 
pole the South-seeking 
pole The N-seeking 
end is generally stamped 
N, or a line is drawn 
across the bar The 
line joining the N-seeking pole to the S-seeking pole is called 
the magnetic axi s 

Replace the magnets by pieces of unmagnetised steel, of soft 
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iron, rods of wood or glass, and convince yourself that the power 
of setting north and south is confined to magnets 

The differences between the poles — Magnetise a knitting- 
needle as on page 142 , mark its N-seeking end , select lanother 
needle that is not magnetised , and suspend all these m any conve- 
nient M ay Bnng the N-seekingpole of the magnetised needlenear 



each end of the unmagnetised needle , it attracts either end , a 
similar result is obtained with the S-seeking pole Repeat the e\- 
penment, using the bar magnets Substitute for the unmagnetiscd 
steel a piece of soft iron (a long nail answers as i\ ell) , similar results 
are obtained (fig 127) 

The attraction between the magnet and the soft iron is | 
mutual , if the soft iron be held in the hand it attracts either ' 
pole of a suspended magnet f 

Hold one of the magnets in the hand by the S-seeking pole, 
say, and place the N-seeking pole in turn near the poles of the sus- 
pended magnet (fig 128) 

The N-seeking pole attracts the S-seekmg pole, but repels 
the N-seekmg pole 

A similar result is obtained with all the magnets We have 
thus three tests for a magnet 

i ’ (i) Its power of attracting soft iron filings 

(2) Its pow'er of setting north and south when free to move 
iry a horizontal plane 

I / (3) Its behaviour wuth a magnet whose poles are known 
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Th&jxpulsion bet^\.een poles ofj.he same name i s.nQteKorth.v 
The N-seeking pole of a magnet repels the N-seekmg pole 

of any other magnet, while it 
f \ attracts the S seeking pole 

and the S-seeking pole of a 
magnet repels the S-seeking 
pole of any other magnet, 
while It attracts the N-seeking 
po^e This IS sometimes ex- 
pressed by sa3'ing that unlike 
poles attract and like poles 
repel The action of two 
magnets upon each other, is 
not confined to tlie action of 
the nearest poles upon each 
other, although these poles 
have the greatest effect and 
mainlj determine the movements of the magnets , the N-seek- 
ing pole of the first magnet will attract the S-seeking pole and 
repel the N-seeking pole of the second , the S-seeking pole of 
the first wall attract the N seeking pole and repel the S seeking 
pole of the second 
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Examples I . i 

f'* 

I What are the two general forms of magnets’ What are the 
advantages and disadvantages of each’ 

■j 2 In what parts of a magnet is the power of attracting particles of iron 
the strongest ’ How would jou show this by e\penment ’ 

3 How would you show by expenment, tliat not only does a magnet 
attract a piece of iron or steel, but that the piece of iron or steel also 
attracts the magnet’ 

4 You are doubtful whether a steel rod is neutral or is slightly mag 

netised , how could jou find out bj tiymg its action upon a compass 
needle ’ ' 

5 Two small steel magnets (for example, magnetised sewing needles) 
are fastened to bits of cork so as to float horizontally on a basm of water 
Saj exactl} what will happen if the needles are left to themselves at a 
distance of a few inches apart on the surface of the water 


Hagnetic Induction — ^The permanent magnets are made 
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of hard steel, ■«€ have already made small permanent magnets 
from steel knitting-needles 

Rub a soft iron nail from end to end with one end of a magnet, 
that is, try to magnetise it Dip the nail into iron ftlmgs, suspend 
It, see if It repels either pole of a suspended magnet You will find 
that either it remains unmagnetised, or the magnetism of the nail 
j IS of the feeblest descnption 

Dip one end of the soft non nail into iron filings, it does not 
attract them Bnng one pole of a permanent magnet neai the 
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other end , the filings are attracted (fig 129), and the soft iron that 
w e n ere unable to magnetise by rubbing, seems to be instantaneously 
magnetised If the iron touch the magnet the effect is increased 
Remove slowly the bar magnet , the filings gradually drop off 

(fiff 130) 

Substitute a hard piece of steel for the soft iron The steel 
only shows the feeblest sign of magnetism, if any , on removing the 
bar magnet the steel retains any slight pow’er of attracting iron 
filings it may have acquired Substitute rods of glass and of w ood 
for the soft iron , m no case do they show any tendency to attract 
the iron filings 

Soft iron, in the neighbourhood of a permanent magnet, 
becomes temporanly a magnet, it is said to be magnetised by 
induction The magnetisation disappears as soon as the per- 
manent magnet is remot ed 

Steel IS in a verj' slight degree magnetised by induction, but 
the slight amount of magnetism induced, remains when the 
bar magnet is remoi ed 

The poles of a temporary magnet — Rest a bar of soft iron 
upon a support , place a bar magnet s K, m the same straight line 
(fi? 1 3t)j ds N-seekmg pole nearest to the iron Bnng iron filings 
near the soft iron and show that it attracts them , notice that the 
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filings congregate on the ends, just as if the iron were a magnet , 
remove the bar magnet, the filings drop off Replace them m 
position and bring a pole of a suspended magnetic needle sn 
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near the end of the soft iron that js farthest from the magnet 
The N-seeking end is repelled and the S-seeking end is attracted 
Reverse the positions of the poles of the permanent magnet , at 
once the poles of the temporary magnet are reversed. 

We therefore call the end of the soft iron nearest to the 
needle, a N-seeking end Similarly by bringing the needle near 
the other end, we can show that it is a S-seeking end 

A permanent magnet induces magnetism in soft iron placed 
1 near it , the end farthest removed from the magnet acts as if it 
' were a pole similar to the nearest pole of the magnet 
' It might be argued that the action upon the magnetic needle 
IS merely the action of the permanent magnet itself If in fig 
131 the soft iron bar be taken away, and the needle be removed 
so far from the magnet that it is not affected by it, then if a 
long soft iron bar be placed between the needle and the magnet, 
the needle is at once affected by the induced magnetism of the 
iron bar 

Substitute a piece of hard steel for the soft iron bar No appre- 
ciable effect can be observed, as to the magnetisation of the steel 
bar , if It remain for sotne hvte near a pow erful magnet, it does 
become slightly magnetised by induction, and it retains its mag- 
netism when the permanent magnet is removed 

Stand the horse-shoe magnet on its bend in a vertical plane 
Suspend a soft iron nail over it honzontally by means of a silk fibre 
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The nail sets parallel to the magnetic axis of the magnet Bring 
a bar magnet near each end of the nail in turn (fig 132) 

The end of the nail o\er the N-seekmg pole is repelled 
b} the S-seeking pole of the bar magnet, and that end is 
therefore a S-seeking pole , the end over the S-seeking pole 
of the horse-shoe magnet can similarlj be shown to be a 
N-seeking pole Keep the nail in the same position and turn 



the horse-shoe magnet round, so that the positions of its poles 
are rev ersed Ai once the poles of the soft iron nail are rev ersed 

Repeat the experiment, substituting a piece of hard steel 
for the soft iron nail The magnetism, if any, is of the feeblest 
description But again, if the steel remain long enough to 
acquire an> magnetism, it retains it when the permanent magnet 
IS removed 

Soft iron IS magnetised easil) by induction, but temporarily , 
steel with difficult}, but permanently 
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Magnetic attraction or repulsion is preceded by induction 
1 he magnetic substance becomes a temporary magnet, and the 
nearest poles of the temporary magnet and the permanent 
magnet being of opposite kinds, attraction ensues 

Select two stiaight thin iron wires, and attach them to either 
pole of a magnet, say the S-seekmg pole Instead of hanging 
vertically, the lower ends repel one another 

Each IS a magnet by induction , the lower ends are each a 
S'Seeking pole, and repel each other 

A permanent magnet can induce magnetism in one bar of 
soft iron , this in its turn can induce magnetism in a second soft 



Fig 133 


iron bar, and so on if the permanent magnet be strong enough 
The position of the poles i»i the soft iron will be {is m fig 133, 
as can be shown by means of a magnetic needle The results 
are more marked if the bars be actually m contact The 
N-seeking end of the permanent magnet induces a S-seeking 
pole in the small bar attached to it^ and a N-seeking pole in 
the other end This first temporary magnet, assisted by the 
bar magnet, induces a S-seeking pole in the nearest end, and 
the N-seeking pole in the farthest end of the second bar, and 
so on 

A magnetic chain — If a number of pieces of iron be 

attached to a magnet a magnetic 
chain IS formed If the pieces 
be small nngs of iron, the form 
of the chain is more apparent 
A chain is readily formed with 
small iron nails (fig 134) If 
attached to the N-seeking pole 
as in the figure, the point of each 
IS a S-seeking pole, and the head 
a N-seeking pole 

If the particles be very fine, like iron filings (see fig 129), 
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the same e\planation holds j each particle by induction becomes 
a temporary magnet 


In any example of the magnetic chain, hold the piece attached 
to the magnet in the hand, and remove the magnet , all the parts 
lose their magnetism, and the chain ^ 

falls to pieces 

Suppose we find that to either pole 
of a magnet — let us say the N-seeking 
pole — we can attach four pieces of soft 
iron and no more, what will happen if 
we bring a second magnet beneath the 
first, so that its S-seeking pole is be 


•**•>*»> ww IS r — -- 

neath the N-seeking pole of the first? H 

Evidently by induction each pole of 

the pieces of soft iron will be strengthened , we shall find that we 
shall be able to attach one or more pieces to the chain (fig 135) 


The student can write out what will happen, and verify it by 
experiment, when the N-seekmg pole of the second magnet is 
placed beneath the N-seeking pole of the first 

Induction across substances -—Repeat several of the above 
experiments, interposing sheets of paper, pieces of wood, sheets of 
glass, the hand, &c , between the magnet and the magnetic sub- 
stance Then inteipose a sheet of soft iron 


Induction takes place readily across air, as m all the ex- 
periments , It also takes place across substances that are not 
magnetised by any of the methods we have employed Mag- 
netic force does not, however, act across a sheet of soft iron, 
and only partially across other magnetic substances * 


Examples II 

made substances are permanent and temporary magnets lespcclively 

^ ^ pole of a bar magnet 

mat reasons can you give for calling the nail a temporary magnet ’ 

3 long >ron wires hang from the same pole of a magnet Wil] 
they hang parallel to each other’ Give a sketch of the two wires and 
give reasons for your answ ers 

4 Six unmagnetised sewing needles are stuck vertically into small 
pieces of cork floating m a basin of water What takes place when the 
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eyes are out of the water (a) the N seeking pole, and [b) the S seeking 
pole of a bar tnagnet is held over them ’ 

5 In the last question, what will take place if the needles be magnet 

ised so that the eje is a N seeking pole? e 

6 How would you separate a mixture of iron filings and sawdust by 
means of a magnet ^ 

7 What IS the magnetic condition of a bar of soft iron held horizontally 
above, and parallel to, a permanent magnet of the same size, resting 
horizontally on a table 

8 You have two similar rods, one of steel and the other of soft iron , 
you ha\e also a bar magnet and some small iron nails Describe exactly 
some expenment which would enable you to distinguish the steel rod from 
the iron rod ’ 

* 9 A bar magnet is laid on a table with its north end projecting o\er 

the edge A soft iron ball clings to the under side of the projecting end 
State and explain what happens when the south pole of a second magnet is 
brought above and near to the north pole of the first * 

10 Two similar rods of very soft iron have each of them a long thread 
fastened to one end, by which they hang vertically side by side. On bring 
ing near the iron rods from below , one pole of a strong bar magnet, the 
rods separate from each other Explain this 

11 A magnet IS placed near a compass needle, so as to pull the needle 
a little way round If a large sheet of soft iron be put between the magnet 
and the needle, what happens^ and why’ 

12 If a compass needle be deflected when a steel bar is brought near it, 
how can you find out whether the deflection is due to magnetism already 
possessed by the bar, or to the bar becoming magnetised by the compass 
needle at the time of the experiment ’ 


iii ' ' 




Methods of making magnets — i Mag?ietisation by single 
touch — ^The bar of steel to be magnetised is rubbed with one 

pole of a permanent 
magnet Beginning at 
one end, the magnet is 
rubbed along the length 
of the bar , it is then 
raised, carried to the 
Pjij first end, and the opera- 

tion repeated several 
hmes The bar is then turned over, and the other side siini- 
hrly treated (fig 136) 






Magnetise by single touch three or four needles, rubbing with the 
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N-sedang pole, beginning in each case at the eye and ending at the 
point. Test and mark thepoles of the magnetic needles, in each case 
the ej e mil be a N-seekmg pole and the point a S-seeking pole 

The end last touched is always a pole of opposite name to 
the touching pole 

2 Magnefisaiion by divided touch — -The steel rod is placed 
^/^onzontall} , two bar magnets are placed upon it at its centre, 
their opposite poles being together They are then drawn 



apart simultaneous!}^ to the ends of the bar , the magnets are 
lifted, replaced on the centre, and the operation repeated The 
bar IS turned oter and rubbed similarly on the other side It 
IS an improvement to rest the rod upon the poles of permanent 
magnets, the poles bemg of the same names as those of the 
rubbing magnets aboi e them The poles of the magnetised bar 
are of opposite name to the pole that last touches them 

3 Magnetisation by the action of the earth — ^This will be 
explained on p 152 

4 Magnetisation by an 
ekftucjciirreni ^ 

Armatures aud keep- 
CTS — Magnets lose their 
power of attractmg iron 
and steel unless provided 
with armatures .These are 
pieces of -Soft iron placed 
in contact with the poles, 
each connecting a north 
and south pole. The Fig i;S 

larmatures or keepers become magnets by mduction, and tend 
I to preserve the magnetic condition of the magnets In the 

* See Voltaic Electncitj 
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horse-shoe magnet (fig 138) the pole marked s induces mag- 
netisation in the keeper, it becomes a temporary magnet 
%\ith Its poles n s The pole marked n likewise acts bj induc- 
tion, induang poles ;; s These effects of the two poles are 
added to each other, but the resuU is more than double the 
effect of one pole, because the pole s induced bj s acts b> 
induction upon n and strengthens it , it in ns turn reacts upon 
‘ s and n , the induced pole « similarly acts upon s 

E\ami les hi 

1 IIow would }ou magnetise a sewing needle, so that the point '^hall 
bea N seeking end’ 

2 A pen nib remains attached.for some time to a horse shoe magnet, 
so that it touches each pole, tlie point being in contact with tin. north pole 
On rcmosing the pen it is found to lie slightl> magnetised (How would 
this be prosed’) hich pole will be situated near the point’ Gncrcasons 

3 A bar magnet is placed on a table , from the N seeking end a 
piece of soft iron is placed , from its S seeking end an equal similar 
piece of steel is placed , all three arc in the same straight line Iron 
filings arc brought near the ends of the iron and steel that arc farthest 
from the magnets What will happen in each case, and why * A delicate 
compass needle is brought near the same ends W hat w ill take iilace 
when the N seeking pole is brought near each ’ 

’ A piece of soft iron, placed in contact with both poles of a horse- 
shoe magnet at the same time, is hcld'on with more than twice the force 
with which It would be held if it were in contact with only one pole of the 
swe magnet Why is this’ 

5 Why IS less force required to pull a small iron rod away from the 
poles of a powerful horse shoe magnet, than would be required to pull a 
thick bar of iron away from the same magnet ’ 

6 You ha\e three equal bar magnets Without keepers How would 
you arrange them, so that, when not in use, they might preserve their 
magnetism ’ Giv e a sketch 

X 7 A bar magnet is held vertically and two equal straight jiicces of wire 
I (soft iron) hang downwards from Its lower end The lower end of each of 
these wires can by itself hold up a small scrap of iron , but if the lower 
ends of both wires touch the same scrap of iron at the same time, they do 
not hold it up , what is the reason of this ’ 

8 You have a bar mi^ct and a steel knitting needle, one end oJ 
which has been marked (say by having been dipped in ink) Say exactly 
what you would do in order to magnetise the knitting needle so as to faiake 
the marked end a N seeking pole, and the other a S seeking pole, and how 
would you find out whether you have succeeded ? 
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TERRESTRIAL MAGNETISM 

HagnetlC Dip — Place a small magnetic needle on a stand 
n s (fig 139), upon a bar magnet N s, so that its pivot is over the 
centre of the bar magnet The 
needle sets parallel to the bar mag- 
net, Its N-seeking pole being towards 
the S-seeking pole of the bar magnet, 
and Its plane horizontal , move the 

stand towards one end of the bar magnet, the needle dips its point 
towards the pole at that end 

A magnetic needle suspended by a single silk fibre can dip 
more freely and is more suit- 
able for this experiment (fig 
140) 

r-'" A strong magnet is able 
to CQgrce a weaker magnet 
into pointing in the same 
direction , the strong mag- 
net also causes the weaker 

magnet to dip, the magnetic axis of the w eaker pointing to the 
nearer pole of the stronger magnet , the dip increases as the 
small magnet approaches a pole , exactly over a pole, the needle 
hangs vertically 

This suggests that the reason why magnets set north and 
south is, that the earth is acting as if it were a magnet Does 
a magnet, how'wer, dip when under the influence of the earth’s 
magnetism? .'Hie magnetic needles we have hitherto used are 
horizontal 

Balance an knitting-needle upon a knife-edge, and 

0 

L 
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find Its centre of suspension Attach a silk fibre to the centre with 
a drop of shellac \amish Suspend the needle by the fibre, and, by 
filing one end if necessary, arrange so that it hangs horizontally 
Now magnetise the needle 

It sets north and south, but its N-seeking end also dips 
To use the needle as an ordinary magnet, we must file off part 
of the N-seeking end 

Ihe angle between the direction of the dipping needle and 

a horizontal line m the same 
plane is called the angle of dtp 
(fig 147) A simple dipping 
needle is illustrated m fig 141 
The avis of the needle by which 
It IS suspended, passes exactly 
through the centre of suspension 
and IS inserted before the needle 
IS magnetised After magnetisa- 
tion the needle when placed in 
the magii Mic mendn n, indicates 
the angle of dip on the graduated 
arc On turning the stand, the 
inclination increases , when the 
plane of the needle is at right angles to the magnetic mendian 
the needle hangs vertically 

The angle of dip in England is 67^° It varies in different 
parts of the globe, increasing as w'C approach the magnetic poles 
Isocluuc Lines — A curve connecting all places that have 
the same dip is called an isocli nic line The line joining all 
places w'here there is no dip is called the magnetic equator , 
it IS analogous to the geographical equator, is near it but does 
not coincide with it The isoclinic lines are analogous to lines 
of latitude , but the isoclinic lines are not parallel to each other, 
and the curves are not regular (See map, p 147 ) At the 
magnetic poles the needle would stand vertically The north 
magnetic pole is 96° 43' w'est longitude, and 70® north latitude , 
there is a similar south magnetic pole The poles and the 
isoclinic lines are not fixed, their position varies from time to 
time The variation in the angle of inclination or the angle of 
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dip as a dipping needle is earned round the earth is illustrated 
in the diagram fig 142 





Fio 143 

Declination —The direction of a magnetic needle in Eng- 


land IS to the west of the true northerly direction, as determined 


by the polar star T he angle betw een the line pointing to the 
tru e north, and the direction of t he magnetic needle , js- called 
the avgle jfjiecl^tion The decimation is constantly varying 

In 1885 at London it was iSi® W , in 1878 it was 17° W , 
|| in 1700, 8‘' 10' W The curve connecting those places, in 
•i which the angle of declination is the same, is called an isogonic 
r hne These curves are irregular (See map, p 149 ) 


N " The earth as a magnet — Many 

^ phenomena in reference to the 

. dipping, and the inclination of mag- 
/ \ needles, can be explained by 

J J c imagining that a short thick magnet 

} pierces the centre of the earth This 
q\ \\ / magnet if produced would cut the 

^ y/ crust of the earth at the points called 

— ^ the north and south magnetic poles 

The direction of the axis of the 
assumed short magnet, that we ima- 
gine to be the cause of the earth’s magnetism, does not, then, 
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coincide with the axis of the earth, but makes an angle luth it, 
we must call the end near the north pole a S-seeking pole, see- 
ing that It attracts the N-seeking pole of a needle In fig 143 
E Q represents the geographical equator, and e' q' roughly the 
position of the magnetic pquator 

The Manner’s Compass — ^This compass in its simplest 
form IS a small magnetic needle on a pivot, set in the centre of 
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Fig 145. 
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a card, diMded as m fig M4 the whole is encased m a bo\ 
The bo\ IS turned until the line ^ s makes an angle of iS^,® 
(or whatc\ er the angle of declination ma> be) to the cast w ith the 
direction of the magnetic needle compass the points on the 
rose are now towards the true geographical directions In the 
compass as used in ships (fig 145) the needle isnotMSible, it is 
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sccurel} fastened to the underside of the card (fig 146), so that 
both needle and card mo\ c together on thc^juioL The case 
IS suspended on gimbals, m order that the pnot maj alwajs 
remain a ertical as the ship rolls A direction from the centre 
of the card to d (fig 145) is the direction of the keel of the 
ship The whole is placed in the binnacle , the sailor told to 
steer X W , say, turns the ship until the branch of the star 
marked N W points to d 

E\ampies IV 

1 What do }ou mean hj the icnii magnclic dip’ Whj dots an 
ordinal) compass not dip ’ 

2 If jou were proMdtd with a dipping needle how a\ou1d jou find the 
north magnetic pole’ How would aoii find the south magnetic pole with 
a declination needle ’ 

3 ‘ The earth is a magnet ’ Wliat docs this mean ’ Is there a magnet 
passing through the centre of the earth ’ 

4 Desenbe the manner’s compasc Is it a dipping needle or a dcclina 
lion needle’ Will the compass, he more hkcl> to act accuratcl) in a 
wooden ship or in an iron ship ’ W hj ’ 

5 How does the position of a ‘dipping needle’ change when it is 
taken from London (i) tovards the north pole, and (2) towards the 
equator’ 

6 What IS meant b> sajing that the magnetic dip at London is 
67’ 30' ’ 

7 State in general terms at which places on the earth’s surface the 
magnetic dip is least ’ 

8 If JOU wish to support a uniform bar magnet horizontally on a piiot, 
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how IS jt th-it the pivot must be placed rearer to one end than to the other 
To which end must it be nearer in this country’ 

9 If a compass were earned round the equator, would it point in the 
same direction at all places If not, state as nearly as you can what 
changes would be observed in its behaviour during the journey 

Magnetisation “by means of the earth’s magnetism —Soft 
iron becomes a magnet by induction when in the neighbour- 
hood of a strong magnet , this magnetisation is more readily 
imparted if the iron be beaten The earth can be used as 
the inducing magnet 



Find the magnetic mendian — ^that is, the line pointing to the 
magnetic pole On a sheet of cardboard draw a line ab parallel to 
the edge, and another line DC making an angle of 6/^° with ab 
S tand the cardboard vertically so that A.B points to the magnetic 
north , then D c IS pointing to the S seeking pole of the assumed earth 
magnet (fig 147) Remoi e the needle Place any bar of soft iron 
(prove fiist that it is not magnetised) such as a poker in the direc- 
tion DC ^Vhlle in that position stnke it several times on the 
head with a hammer, then test it with the needle , the end pointing 
downwards w ill be found to be a N-seekmg pole, the other end a S- 
seeking pole 

It IS difficult to adjust compasses in an iron ship on ac- 
count of the magnetism induced in the plates The magneti- 
sation of the plates depends upon the position m which the 
ship was built, the amount being aided by the hammering to 
which the plates have been subjected 

If the poker be made of good wrought iron, the blow is 
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these lines of force by tiking a very small magnet, placing it in 
any part of the field, and marking its direction , it is then moved 
so that one end tikes the place lately occupied by the othei 
end, and another portion of the curve is obtained 

Magnetic curves — The magnetic field is best studied by 
means of iron filings Fine filings are sifted through fine muslin 








S 




Pic 149 

upon a sheet of cardboard or glass , underneath is placed a 
single magnet or a combination of magnets When the glass 
is tapped, the filings arrange themseh cs in curves 1 he direction 



of the Clines at anv point is the direction anj small needle would 
rest in under the inlluence of the respective poles 1 he runes 
rallulji) Faradav, i i\ns or i okci, begin at a pole, and end m 
1 pole of opposite name i he filings congregate the thickest 
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^\herc the field is ‘strongest Ihe nction of a magnet on 
magnetic bodies, we learn, is not due to one pole, but to the 
action of both poles The magnetic fields due to (i) a bar 



magnet (fig 149)1 (=) ^ horse shoe mignet (fig 150), and (3) 
two magnets with poles of opposite names near each other 
(fig 151) are illustrated 

The form of the cma cs of a magnetic field can be prcscia cd, b> 
placing o\ cr the filings a sheet of paper, that has been brushed o\ er 
with a solution of nut-galls , each piece of iron acts on the solution 
and prints a blue mark When the paper is drj the filings can be 
shaken off 

By examining the lines at some distance from two poles of 
opposite name (fig 15 1) and considering onl> a smal/ for/ton 
ot the magnetic field, we see that the lines of force are practically 
parallel Ihis is the case in the magnLlic field at anj part of the 
earth’s surface due to the action of the earth as a magnet. 'I he 
poles of a compass needle are acted upon b> two parallel forces, 
that tend to twist the needle on the pi\ot, but base no tendency 
to draw the needle towards cither magnetic pole 

Place a magnetic needle on a cork floating on still water (fig 
1 21) The needle soon sets north and south, but displajs no ten- 
dency to mo\c towards the north as a whole 

Bieaking a magnet — Straighten a piece of watch-spring; 
heat It and throw it into water , magnetise it and mark its poles 
Break it into hah es Test each half, each \fill be found to possess 



Magnetism 


156 

a N-seeking and a S-seeking pole (fig 152) Break each half 
again , each piece possesses poles This is the case no matter how 







small the pieces may be If the pieces be placed together again so 
as to form one magnet, the intermediate poles disappear, only those 
at the ends being apparent • 

We infer that if a magnet could be broken into the 
smallest possible pieces, then each of these small pieces, called 
molecules, c (fig 153), would be a magnet wnth a N-seeking 


« s 
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and a S seeking pole — a division be)ond our powers, and 
the pieces would be so small that no microscope could detect 
them It is also argued, that the magnetism of a magnet is 
due to the magnetism of its molecules , that in a magnet all 
the poles of one name are turned in one direction, so that the 
intermediate poles neutralise each other, and only those to- 
wards the end are effective The shaded space and light space 
NS (c) together represent one of these molecules or small bodies 
that cannot be further divided, that is, it is impossible to sepa- 
rate the parts we distinguish by shade If the magnet a b be 
broken, the end a being a N-seeking pole, the other end of the 
broken magnet must be a S-seeking pole 

In the case of an unmagnetised bar the molecules aie 
arranged irregularl>, there being no symmetry in the arrange- 
ment When stroked with a magnet they tend to turn so as 
to form a series like fig 153 The molecules easily turn in 
soft iron, a fact we also infer from the easy way it can be bent 
^ so as to assume an} shape , therefore it is easily magnetised 
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by induction , but the strong magnet being removed, the mole- 
cules dnft back into their irregular position, and the bar loses 
Its magnetic power 

In hard steel the molecules turn ^vlth difficulty, if we 
bend it, it springs back to its former position, and breaks 
rather than assume a nen permanent position Hence, to 
magnetise it, it must be rubbed strongly several times On 
stroking a steel bar a feiv times, part of the molecules turn, and 
the bar is feebly magnetised , as ne continue stroking, more of 
the fholecules turn and the magnetisation increases The bar is 
fully magnetised, or is said to be saturated, ^\hen the A\hole of 
the molecules ha\e been turned Once magnetised, it is as 
difficult to change the molecules from their second, position 
as It ^^as to change them from their first position , it remains a 
magnet When a body is heated, the molecules separate and 
can move more easily If a piece of steel be made red-hot, and 
then be allowed to cool, resting in the position pointing towards 
'the magnetic pole, the magnetism of the earth acts upon the 
molecules, W some of them turn, the steel becomes mag- 
netised by induction, and on cooling m this position remains a 
magnet ** 

The student can apply his theory to the various experi- 
ments m re-reading the book It will assist him to classify 
the experiments, when he imagines the rotation of these 
molecules, always- remembering that they are so small that the 
motion can never be obsen^ed, and that it is a theory that 
may be modified, or even rejected, if it fail to explain, or 
if It oppose any actual fact observed m experiment 

The following experiment supports this theory of magnetism 
A test-tube is nearly 
filled with iron filings 
If either end be pre- 
sented to a needle, 
attraction takes place 
No poles are observ- 
able m the test-tube ^ 

of filings Now draw 

a powerful magnet several times from end to end, as m mag- 
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nctisation by single touch The particles set themselves in the 
direction of their length The iron filings >\ill not be all of soft 
iron , they retain part of the magnetisation, and, on bringing a 
magnetised needle near, it will be seen that the tube of filings 
acts like a magnet Shake the filings up , no trace of magnet- 
isation can be detected, they have assumed again their unsym- 
metncal positions 


Examples V 

I Tuo precisely similar ningnets are placed \erlically iMtli their lower f 
cndi on a horizontal table Iron filings are scattered over a plate of 
glass which rests on their upper ends one of which is a north pole, and 
the other a south pole Giae a diagram showing the forms of the lines of 
force mapped out b} the filings 

2. A strong bar magnet is set upright, and a sheet of cardboard tests 
horizontally on the top of it Describe and show by a sketch the waj m 
which iron filings sprinkled on the cardboard arrange themselves 

3 The ends of a bar magnet have the propcrlj of attracting iron, but 
between them there is a part where this propertj is cntirel} absent If the 
magnet be broken across at the neutral part, what are the properties of the 
two pieces ’ 

, 4 If }ou were required to make a model to illustrate the magnetic 
properties of the earth by putting a bar magnet inside a ball ofclaj, show 
by a sketch how jou would place the magnets, and explain how the 
magnetic properties of the model would answer those of the earth 

5 If a long bar of very soft iron be held upright, how is it that its 
upper end repels the S seeking end of a compass needle and that its lower 
end repels the N seeking end of a compass needle 

6 Two equal bars of steel, after having been magnetised equally, are 
kept for some years in a vertical position, one [a) with its S seeking pole 
upwards, the other (/^ with its N seeking pole upwards The bars arc 
so far apart that they do not act on each other , which of the two would 
keep its magnetism best , and wh} 

7 The beam of a balance is made of soft iron ^Vhen it is placed at 
right angles to the magnetic mendian, two equal weights placed in the 
opposite pans just balance Will the weights still appear to be equal w hen 
the balance is turned so that the beam sw mgs in the magnetic mendian ? 

Give reasons for your answer 

8 A small magnet is placed on a flat cork which floats in a basin of 

water, and is fastened to the cork by a little sealing wax Desenbe and 
explain the behaviour of the magnet, (I) when under the influence of the 
earth’s magnetism alone, (2) when an artificial steel magnet is brought 
near to it “ 
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CHAPTER I 

ATTRACTION AND REPULSION 

Introdnction — ^Xhales, a Greek philosopher who lived 
600 B c j knew that when amber was rubbed with silk, it attracted 
light bodies Dr Gilbert, in the reign of Elizabeth, show'ed 
that other substances, such as sulphur, ^\^nd glass, when 
rubbed, were also able to attract light bodies The Greek 
name for amber is electron , from this is derived electricity, the 
w'ord used to describe the phenomena dealt ivith in the fol- 
loinng pages 

Electrical attraction — Rub a stick of resin or sealing-wax 
with flannel or catskin, and hold it near particles of paper, bran, 
feathers, or gold-leaf The 
particles are attracted, 
they leap to the rubbed 
substance , some are then 
repelled, jvbile others re- 
- main attached (fig 155) 

Sticks of shellac and sul- 
phur, and rods of ebonite 
may be substituted foi 
the sealing-wax. A glass 
tube closed at one end, 
thoroughly cleaned and 
warmed, rubbed with silk 
possesses a similar property of attracting light bodies, the best 
result being obtained if amalgam be spread upon the silk 
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Frictional Electi icity 


'■ ' Cylinders made of drawing-paper (preferably of gilt paper), 
or dry egg-shells, can be conveniently used for the light bodies , 
they roil after the rubbed bodies The rubbed resinous bodies, 
or glass, will also attract tufts of cotton, or particles of dust float- 
ing m the air 

Rods of brass, iron, or of metals generally, if held in the 
hand and rubbed, do not possess the po^^er of attracting light 
bodies 

The attraction is not confined to light bodies 



I 


Fig 156. 

Balance a lath of wood upon in inverted flask, or upon in egg 
The rubbed substances attract it (fig 156) 



Fig 157 


(The attraction is mutual , 
wood or other su|3stances attract 
the rubbed bodies , 

Rub the ebonite with flinnel, 
or the glass with silk, and place 
either in a stirrup (fig 157) Hold 
the lath, 'a piece of paper or the 
finger near , the rubbed body will 
be attracted I 

(The glass rod moves very 
readily if it be balanced on a 
needle The middle of the glass 
IS softened in a Bunsen flame and 
a small indent is made with a hot 


wire (fig 158) This is generally the most convenient method for 
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bilmcmg t]ic electrified bodies The rods of wax, rcsiti, iS-c, 
should be indented witb a hot wire, and small glass caps (see 
p 133) inserted 



^ IG isS 


The abo^e 1 )> no rofians exhaust our methods of showing 
that certain bodies after being rubbed, possess the propertj of 
attracting substances, and the student will be continualh adding 
to his store of experiments 


Drj thorojighlj a sheet of brown paper, make it as hot .is 
possible, place it upon a dr> board, and rub it with a hard clothes- 
brush , the paper clings to the board , on reinm mg it, and placing 
It near a wall, we find it clings to the wall Rub the paper .ag.iin, 
fold It up, and present it to the b.al.anccd lath , agam attiaction 
t<akc5 place Just after rubbing the paper, bnng it near the face, a 
peculiar effect is cxpcnenccd, the hairs on the skin are attracted, and 
a slight crackling is heard , if the experiment be perfonned in a 
darl room sparks can be seen I real similarly foreign post paper, 
rubbing it with india-rubber 


Slip two fingers into pieces of Milcanised indi.a-rubber tubing, 
and draw a silk ribbon between them The ribbon clings to the 
wall when placed neant and also attracts the balanced lath A col':, 
lodion film simply drawn between the drj fingers also attiacts the 


suspended bodies 

yy^body that attracts substances after being rubbed, is said 
tp,be-Glestnfied, or clcctricall} charged \ The state or condition 
of the body is changed for the tunc being, so that it possesses 
new properties , but no material substance has been added to 


or taken away from it, as there 15 no change m the mass of the 
bod> /The term elect iifuaUon is used to describe the stale or 
condition of an electnficd bod}^ 

Damp IS an enemy to successful electrical experiments, and 
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failure IS generally due to the fact that the apparatus is not 
perfectly dry All materials should be kept in front of an open 
fire, or should be ivanned before use The experiments suc- 
ceed best on a dry frosty day 

The balanced lath is at times scarcely delicate enough, a 
more sensitive piece of apparatus is shonai in fig 159 Apiece 

D 



of gilt paper is attached to each end of a straw, the cap in the 
centre, is a small piece of straw fastened with sealing-wax, it 
rests upon the eye end of a needle A \ ery small amount of elec- 
trification produces attraction 

Pieces of pith or cork, shaped into balls and suspended by 
cotton thread from any convenient support, may also be used Re- 
peat the experiments with the resinous rods and tlie glass, using 
the balanced straw and pith balls 

On experimenting, with the most delicate pieces of appa- 
ratus, we fail to electrify pieces of brass or iron w-hen held m 
the hand 

Electrical repulsion — ^The student cannot have failed to 
observe, that not only were bodies attracted, but that when con- 
tact took place, they were frequently repelled 

Electnfy the glass rod with amalgamed silk, place it m the 
stirrup or, better still, balance it as in fig 158, at the same time 
let an assistant electrify the stick of vulcanite or sealing-w ax w ith 
flannel Hold the electrified sealing-wax near the glass , the glass 
IS attracted 

There is nothing apparently new in the experiment, we 
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know that a non-electrified bodj will attract electrified glass or 
sealing wt.\ 

Again clcctrif> the glass and suspend it, and similarlj cleclrif) 
a second rod of glass , on presenting the second rod to the first, w e 
obsene that the balanced rod is repelled Rub the rod of sealing* 
wav with flannel and suspend it, cicctnfj siinilarl} a second rod 
of scahng-wav, and place it near the first 


The first rod is repelled b) the second The electrified 
sealing-wax is also repelled bj a rod of sulphur rubbed with 
flannel, and by a rod of \ulcanite rubbed with flannel 

Glass rubbed with amalgamed silk repels glass rubbed with 
amalgamed silk Sealing-wax rubbed with flannel repJs sul- 
phur rubbed with flannel, or aulcanite rubbed with flannel 
Two kinds of electrification — J he electrification produced 
on glass rubbed with amalgamed silk is called vitreous elecin- 
Jicatmn, this name being gi\en to all that form of electrification 
that n/t/f glass rubbed w ith silk The electrification produced 
on scaling wax rubbed with flannel is called resinous, electrifi 
cation, and all electrification that tspth sealing-wax rubbed 
with flannel, is called resinous electrification 

Rub a thin sheet of hot wnling-papcr placed on a hot mahoganj 
board, with a piece of india-rubber , fold it up, and bring it near 
the suspended glass rod rubbed with amalgamed silk, the rod is 
rgjcllcd 


riic electrification of paper rubbed with india-rubber is 
-xitrequs 

Again mb the paper, cuUl into strips with a sharp knife as 
It lies on the board, leading a band at one 
end , roll the band together and lift the 
paper Tlic stnps repel one another, 
being similar^ electrified Bring the ex- 
cited glass rod near the strips , thej arc 
repelled, the resinous clcctnfication of 
the scahng-wax attracts them 

\ itreous electrification is also called 
positne electrification, and resinous, 
negatnc electrification The terms 
positne clcctricitj, and negatne electricity, are sometimes 
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used , but as vre neither know anything about h\o distinct 
electncities, nor of electricity as a thing by itself, the phrases 
are misleading The naming of the electrifications is purely a 
convention , they might have beenjcalled A and.B electnfica, 
tions 

The balanced glass rod positively electrified, and the ba- 
lanced stick of sealing wax negatively electnfied, can be used to 
test the kind of electnfication a body may possess A pith 
ball (preferably covered with gilt) suspended by a dry silk 
ihiead can be used for the same purpose It is touched by a 
rubbed rod of vulcanite to charge it negatively, and by a rubbed 
glass rod to charge it positively, and the body whose state, as 
regards electrification, is to be tested, is brought near it The 
test depends upon the repulsion 

Examples I 

1 Explain the ongin of the term Electricity,’ 

2 Y’ou are provided with rods of glass, iron, vulcanite, and copper, 
and rub each in turn with rubbers of flannel and silk YMiich of the rods 
will attract pieces of paper’ 

3 Explain the meaning of electnfication , when are the terms resinous 
and vitreous applied ’ 

4 You have a rod given you, how would jou proceed to electnfy it, 
and how would you prove that it was electrified ’ By what expenments 
would you discover whether the electnfication was positive or negative ’ 

5 The pieces of paper attracted b> an electrified rod of vulcanite are 
repelled after they touch the vulcanite. What can you suggest as. the 
e.\planation ’ 

6 An electnfied glass rod attracts a pith ball suspended either by a 

cotton thread or a silk thread , after the ball touches the glnw rod, it is— 
repelled if suspended by silk, but is sUll attracted if suspended by cotton 
Can, you give any explanation of this with your present knowledge ’ 

The Gold-leaf Electroscope —a bell-jar is fitted with a gooa 
india-rubber cork (fig 161), through the centre of vvhich, passes a 
glass tube , the tube being filled with shellac, the shellac is melted, 
ind a thick copper or brass wire pushed through To the top of 
the wire 1 circular piece of brass or copper (a_ smooth penny) is 
soldered, the other end is flattened The bell-jar fits into a cir- 
cular groove in a board that should be -covered with_tinfoil , or 
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three pieces of cork lna^ be Rlucd to the board, so that they press 
against the inside of the glass when it is placed o\er them, tlie 
friction IS sufficient to keep 
tlic board m position ^\\o 
pieces of w ood ro\ cred w ilh 
tinfoil, or t«o metal rods, 
are fixed perpendicuhrlj to 
the board Thclca\c5arc 
placed midway between 
these Thoroughh clean 
and drj the jar, cut two 
stnps of gold-leaf, tip the 
flattened piece of rod w ith 
gum and attach the gold 
, stnps Calcium chlondc is 
placed in a small basin or 
crucible inside the jar, to 
absorb the moisture and 
keep the intenor drj ) The 
metal stnps arc purposelj 
inserted , in simpler forms 
these arc omitted (fig 162), 
and a wide-moutlicd jar or 
flask takes the place of the 
ordinaia' bell-jar 

The gold lca\ cs arc 
delicate and arc casilv in- 
jured 'For rough expenments two gold-co\ercd pith balls sus- 
pended by cotton threads arc \ erj com cnicnt (fig 1 63) 

The use of the Electroscope — Rub the glass rod and ap- 
proach it to the disc , the leaxes for the pith balls) dnerge lr> 
X nil rubbed rods of wax and xulcanite , again the leaxes dixerge , 
on removing the electrified bod j the Icax es collapse Unelectnfied 
bodies hax e no cfifect upon tlie leax cs 

The divergence of the leaves, xxithout contact, indicates 
that an electrified bodj is near the reason jou will learn later 

Touch the disc xx ith the elcctnfied glass rod, draxx it gently 
along the disc, the leax es dix erge , on remox mg the rod, the leax es 
remain apart Touch the disc of the electroscope xxith the finger , 
the leaves collapse , no sign of electrification is afterwards seen 




1 66 FrtcUoneU Electrtctiy 

Positive electnfication has been communicated to the disc 
and thence to the leaves, by touching the disc with the glass 
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rod, the leaves bein g sim ilarly dectrified, repel each other , 
the electroscope is s aid to_be charged On touching the 
charged electroscope inth the hand the electrification disappears 
from It, tha electroscope is discharg ed) 


'Repeat the expenment inth rubbed sealmg-iia\, and, by touch- 
ing, discharge the negative electrification 

Charge the electroscope with the rubbed glass rod, until the 
leaves are slightly apart , again approacli the electnfied glass rod , 
the divergence increases "When the rod touches the cap, the 
divergence increases further Approach the rubbed rod of vul- 
canite , the leaves previously charged positive!}', by contact with 
the electnfied glass rod, partially collapse Touch the disc with 
the vTilcanite rod, and a further collapse takes place The collapse 
may even be followed by a div ergence 

Discharge the electroscope, and charge it negatively, by using 
a rubbed rod of v ulcanite , if any substance charged negatively be 
brought near the electroscope, a further divergence of the leav'es 
will take place 

WTiile the electroscope is charged positively or negatively, bring 
a non-electnfied body near, a slight collapse follows 


We can determine the kind of electrification a body 
possesses, by bnnging it near a charged electroscope, if we 
know the nature of the electrification first imparted to the 
electroscope , it is upon the increased divergence that we must 
depend The explanation of the action of the electroscope will 
follow m Chapter II 

positive and negative electrification')— The electrification 
upon glass, is not alwajs that known as vitreous or positive 
e lectri fication 

4ub the dry glass tube with amalgamed silk, and draw it along 
the disc of the electroscope, until there is a divergence of the leaves 
Now heat the rod as hot as } 0 u can bear to work with it, rub it 
with fur, and bring it near the disc , the leaves begin to collapse 
We infer, that either the glass is negatively electnfied, or that it is 
not electnfied at all Discharge the electroscope, and touch the 
disc with sealing-wax rubbed with flannel until the leaves diverge 
again heat the glass rod very hot, rub it with fur, approach it to the 
disc and observ e the increased divergence , the divergence proves 
that the glass is negatively electnfied) 
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Slight differences in the physical condition of bodies, affect 
the kind of electrification If smooth glass be rubbed against 
roughened glass, the electrification of the smooth glass is 
positive, that of the^rpugh negative 

'''''' (Sunnltaneous and eq[ual production of two kinds of 
elfl ctrificationj— ^ake a flannel cap to fit the sealing-wax rod, 
and attach a thiead of dry jtlk to the cap 
(fig 164) Dry the sealing-wax, flannel, and 
thread thoroughly Turn the sealing-wax a 
few times in the cap, and place both on the 
disc of the electroscope , no divergence is 
noted _Agaiii_tum„the^nnel, draw off the 
cap by the thread, and place it alone on the 
disc, the leaves diverge, therefore the flannel 
IS electrified Remove the cap, touch the 
electroscope with the finger, and discharge it Again turn the 
flannel cap on the sealing-wax, remove it, and show that the sealing- 
wax IS electrified Discharge the electroscope Turn the sealing- 
wax m the flannel and place both on the disc , there is no divergence , 
withdraw the wax, leaving the flannel, the leaves separate, repeat, 
but this time w ithdraw the cap by the silk , again the leaves dn erge 

WTien sealing-wax is rubbed with flannel, both the seahng- 
w'ax and the flannel are electrified 



Fig 164 


Electrify the electroscope positively, by touching it with a glass 
rod rubbed with silk Rub the sealing-wax in the cap, place the 
cap, being careful to move it by the dry silk thread, near, or on the 
disc , increased divergence shows that the electnfication on the 
flannel is positive Repeat the expenment, placing the rod alone 
near, or on the disc , the leav es collapse Electrify the electroscope 
negatively, by means of a rubbed rod of sealing-wax Turn the 
w ax in Its cap, remove the cap, and place the rod m tlie disc , further 
divergence shows that the rod is electrified negatively 

Similar experiments with other bodies, w ith similar precau- 
tions (note especially the use of drj’ silk thread), show that 
whenever two substances are rubbed together, one is electrified 
positivelj, while the other is electrified negatively The 
amounts of each kind of electrification must be equal, seeing 
that when both are examined together, no effect is observed — 
tha^ is, neither form of electrification can be in excess 
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The student should rc\jse the whole of his e\pcnments, 
-ind attempt to determine the kinds of electrification upon 
eaclvbodj used in the experiments 
^fPositive and negative electrification, parts of one pheno- 
menon’ — ^AVheneter one form of electrification is produced, an 
equal amount of the other kind is produced B} taking suitable 
^j>”ecautions we are able to show, as in the aboie experiment, 
that both arc present , gcncrallj onlj one kind is apparent, 
and we are apt to consider tlie one kind, as the cause of the 
phenomena of attraction and repulsion 

Suspend a small pith ball hyadty siiL Jib/t., rub the sealing wax 
in its flannel cap, rcmoie the cap by the silk thread, and let the 
scahng-wax touch the pith ball , the pith ball becomes electrified 
ncgatnelj , arrange so that the electrified pith ball is between the 
3\ax-and tliexap 


The space between the wax and the flannel, is now in such 
a state of strain, that the ncgatnelj electrified bodj mo\es 
towards the flannel The motion is not due to the action of the 
wax alone, nor of the flannel alone , the rao\ement of the pith 
ball IS only possible, when both the posituc electrification, and 
the equal amount of negatnc electnfication, take part m the 
experiment If the pith ball 
touch first the flannel, it mo\ es 
from the flannel to the wax 

A similar experiment is 
shown m fig 165 A light 
metal ball, c, fastened to a stiff 
fibre of shellac, is suspended by 
a thread of silk A silk liand- 
kerchief, B, is rubbed on a clean, 
drj square of glass, a If the 
ball touch the glass first, it 
moies from the glass to the 
Silk , if It touch the silk first, it 
mot cs from the silk to tlie glass 



If we electrifj a glass rod, it seems at first as if the positive 
electnfication alone, was the cause of the attraction and re- 
pulsion the negatne electrification motes from the rubber 
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through our bodies to the ground, and distributes itself upon 
the near objects Imagine the electrified glass suspended in 
a room, then an equal amount of negative electrification is dis- 
tnbuted upon the walls, or upon the body of the experimenter, 
the space is in such a condition, that a light body positively 
electrified, moves, or tends to move, from the glass towards 
the wall, while one negatively electrified moves from the wall 
towards the glass 


Evamples II 

1 Describe a gold leaf electroscope How would }oii charge it nega 
tively, and how positively’ 

2 Why can jou not depend upon the collapse of the leaves, m deter 
mining the electrical state of a body brought near the disc ’ 

3 A rubbed rod of vulcanite attracts light bodies Does the attraction 
depend upon the electrification of the vulcanite alone ’ 

4 If two insulated bodies a and b are rubbed together, and a becomes 
positively electrified, what is the electneal condition of b’ (iJ as to the 
kind of its electrification , ( 2 ) as to the amount of its electrification as com 
pared with those of A 

5 If you rub together a stick of sealing wax and a piece of flannel, and 
then put them both on an electroscope, the leaves do not move WTiat 
happens to the electroscope if you remove, (i) the flannel, ( 2 ) the sealing 
wax ’ What would be the eflect in each case of bnnging near the electro 
scope a glass rod that had been rubbed with silk ? 

6 A rod of sealing wax is rubbed with dry flannel An uncharged 
pith ball suspended by a silk thread is attracted when the sealing wax is 
brought near to it, but is unaffected by the flannel Would you conclude 
from this experiment that when sealing wax and flannel are rubbed 
together the sealing wax only is electnfied ’ Give reasons for your 
answer 

7 When a piece of sealing wax and a piece of dry flannel are rubbed 
together, one becomes positively electnfied and the other negatively 
electnfied When a piece of dry paper and a piece of india rubber are 
nibbed together, one becomes positively electrified and the other negatively 
electrified How could you find out which of the four things — sealing wax, 
flannel, paper, india nibber— are in the same electneal state’ 


Conductors and Insulators— A pith ball, suspended from 
a gas bracket or ordinary support by a cotton thread, moves 
towards glass rubbed with silk, or sealing-wax rubbed with 
flannel , even after contact it again moves towards them 
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Suspend a pith ball by a dry stlk fibre Fig 166 shows a con-_ 
\enient arrangement i^ter contact -with an electnfied bodys-the 
pith ball IS repelled 

We w ere onl\' able to show that the flannel w as positu ely elec- 



Fig 166. 


It jnth the hand, and mo\ ed it_by_the_</?j_ silk thread The pith 
ball_e'^enment,as far as repulsion is concerned, fails (tr>' it) if the 
silk thread_be damp, or if a cotton tin ead be used The metal ball 
m fig 165 was fastened to a rod of shellac suspended bt silk The 
rod of the electroscope is surrounded by shellac, by glass, and bj 
india-rubber 


Cotton, our bodies, the metals, or damp silk threads allow 
the electrification to escape , they are called conductors Dry 
silk, shellac, djQr glass, dr) jndia-nibber,.do not allow the electri- 
fication to escape , the) -are.called non-conductors or insulators 
Brass or other metal .rods, held in the hand and rubbed 
show no signs of electnfication. 

Insert a glass handle, or a 
rod of ebonite, m a brass rod, 
dry carefully both the handle 

and the rod, hold the compound rod. by the handle, rub the brass 
■with silk, and bnng it near the disc of the electroscope , dn ergence 
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takes place, showing that the brass is electrified Fasten a brass 
ball to the end of a stick of sealing-wax, rub it on flannel and prove 
that it IS electrified It should attract pieces of paper, the sus- 
pended lath, and cause the leaves of the electroscope to diverge 

We infer that ebonite, sealing-wax, and dry glass are in- 
sulators 

That brass can be electrified is also easily show n, by lightly 
striking the disc of the electroscope with a silk handkerchief) 
when the leaves diverge The electroscope is electrified by the 
rubbing of the silk against the brass How is the brass in 
sulated ? 

Insert a cork in one end of a glass tube, and a rod of w ood or 
iron in the cork. Electrify the glass , the fiee end of the wood ivill_ 
attract pieces of paper, and when near the electroscope will cause a 
divergence of the leaves, even where the glass tube is at such a 
distance that it alone does not affect the electroscope 

Cork, wood, and iron are conductors of the electrification 

Insert the ebonite rod in 
the cork, pass it through.a 
gas-flame to discharge it, 
electnfy the glass 

l~ The ebonite rod does- 
j not attract light bodies , it 
I IS an msulator 

Fasten a thin iron wire to 
the w'ood or metal rod in- 
serted m a glass tube (fig 
1 68) , attach a metal ball to 
the end, place underneath 
the ball pieces of paper, and 
excite the glass rod , the 
pieces of papernre attracted 
A similar result is obtained 
w'lth a cotton thread Show that the pieces are not attracted if a 
dry silk thread be used Moisten the silk and show that attraction 
takes place 

Iron wire is a conductor, dry-silk is an insulator, damp silk 
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]S ji conductor The air is evidently an insulator, or ^^e should 

be unable to retain electrification on the apparatus used 

Take a fine copper ire, a fine iron ire, and threads of silk 
and cotton, each about fi\ e yards long- F astcn one end of the 
copper Avire to the disc of the electroscope , coil the other end 
loose!) round the end of the glass rod , rub the rod u ith amalgamed 
silk, and let the loop slide doira the rod Notice the divergence of 
the leav es , in a similar manner use seahng-vv a\ rubbed v\ ith flannel 
Remov e the copper \v ire and substitute the iron w ire , again the 
leav es div ergo, but not so rapidl) With cotton thread the action is 
slow er still , vv ith. dr)' silk tlircad there is no div ergence , vv ith a wet 
silk thread, however, a divergence is observable 

Careful experiments show, that there are no perfect insula 
tors , all ultimatel) allow some of the electrification to escape 
Bodies are divided according to their pow er of insulating in the 
following order — 

Insulators — Shellac, resins, sulphur, vva\, glass, silk, air 
and dr}' gases, lime 

Senu-conductors — Ice, dr} vv ood, pow dered glass 
Conductors — Cotton, linen, water, acids, charcoal, metals 
The insulating pow er of the different kinds of glass varies, and 
all glass becomes a.conductorwhen ver} hot Moisture readily 
condenses upon glass and destroys its insulating power, this 
is less likel} to take place if it be coated vv ith shellac varnish * 
To insulate bodies — Light bodies may be suspended by 



dry silk fibres, or by threads of shellac , heavier bodies can 


’ See Appendix 
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be placed m a stirrup and suspended by a thin silk nbbon, 
or they can rest upon stems of varnished glass, shellac, 
sealing-iva\, or upon rods of ebonite An insulating stool is 
readily made by placing a dry mahogany board upon four good 
varnished glass tumblers (fig 169) The greenish-coloured 
pickle jars are frequently better insulators than ordinary 
tumblers 


If a person stand upon the insulating stool and touch the elec- 
troscope-disc with his finger, ue can electrify him by striking him 
uithasilk handkerchief, the leaves diverge Repeat the experi- 
ment when the person stands upon the floor Why do the leaves 
not diverge 


Proof-planes — ^Strong charges tear the leaves of the elec- 
troscope We canSiake slight charges from a body by means 
of proof-planes They consist of small 
pieces of good conductors (metal or gilt 
paper), attached to good insulating handles 
(rods of glass varnished, or rods of ebon- 
ite) A circular piece of gilt paper may be 
attracted with shellac to an ebonite handle, 
or a brass button or a penny may take its 
place (fig 170) 

Excite the glass rod vv ith amalgamed silk, 
hold the proof-plane by the handle, and draw 
It along the rod. The small conductor be- 
comes electrified positively, by contact vv ith 
the glass Touch the disc of the electroscope 
with the piece of metal, and obtain a slight 
divergence of the leaves Use similarly the electrified ebonite rod, 
S.C , instead of the glass rod 

In the experiment illustiited in fig 168, touch the metal ball 
with the proof-plane, carry the proof-plane to the disc, -and prove 
that the ball is electrified 

, Exajiples III^ 



I If you want lo find out whether a body is electnfied, by seeing 
bow It acts on an electrified pith ball hung bj a silk thread, why is it 
a surer test that the body is electrified if it repels the pith ball than if it_ 
attracts it ’ 
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2 A pith ball IS suspended from a metal stand by a line thread If 
)Ou ha\e a strongly electrified glass rod, hovs can }ou find out whether the 
thread is a conductor or a non conductor of electricity ’ 

3 Desenbe e\penments w hich show , that the terms \ itreous electncit) , 
and resinous electncit} , arc inappropriate 

4 A stick ofys ealing w as. held in the hand, and rubbed with dr) 
flannel is found to be clcctnficd A bra&s rod after being 'rented in 
the same waj shows no electrification , how do jou account for the differ- 
ence ’ 

5 Arrange the follow ing substances in order of their conducting powrers 
of electricity, putting the name of the best conductor first air, copper, 
glass, iron, sea water, shellac, pure water, wood 

6 You have seicral rods of unknown materials Desenbe exactl} 
expenments, which would enable jou to distinguish those which are con- 
ductors of electncity from those which are non conductors 

■ A muslin bag containing sulphur and red lead finelj powdered is 
suspended b} a silk ribbon so that it hangs within a metal \essel which 
stands on the cap of an electroscope When the bag is jerked, the pow ders 
are shaken out through the muslin into the vessel ajid become electrified 
by friction Slate and explain what effect (if any) is produced upon the 
electroscope ’ 

S An insulated conductor. A, is brought near the cap of a gold leaf 
electroscope which has been charged positively State and explain what 
v/ill happen, (i) if A be unclectnfied , (2) if it be charged positivcl } , (3) if 
It be charged negatively 

9 A stick of sealing wax is rubbed with dry flannel and held over a 
pith ball lying on a table YTiy does it rise and why does it fall ’ 
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CHAPTER II 

INDUCTION 

The Electroscope — The leaves of the electroscope diverge, 
before the approaching electrified body touches the disc , they 
must, for the time being, be electrified Re-read, and repeat 
the method of determining, by the electroscope, when a body 
IS positively and when negatively electrified 

Touch glass rubbed with silk with the proof-plane, and convey 
the proof-plane to the disc , as it approaches, the leaves diverge, 
the divergence increasing until contact is made On touching the 
proof-plane with the fingers, or on drawing it rapidly through a 
flame, it loses its electrification, or it is said to be discharged 
Repeat, giving successive charges to the electroscope until there is 
a fair divergence of the leaves. 

( Place the discharged proof-plane upon the disc of the charged 
electroscope , partial collapse of the leaves takes place as it ap 
proaches, the collapse increases on contact Remov e the proof- 
plane and discharge it , again place it on the disc, further collapse 
takes place ) 

In this way the electroscope can be totally discharged, and 
then no further effect is -observed, when a non-electrified con- 
ductor IS placed upon it . This collapse with a non-electnfied 
insulated body takes place, whether the electroscope be charged 
positively or negatively The electroscope, or any electrified 
body, gives part of its electrification to a non-electnfied insulated 
xonductor that touches it 

Discharge the electroscope, and then charge it positiv ely Draw 
the proof-plane along rubbed glass, and carry it to the disc , a further 
divergence, that increases when contact is made, takes-place Dis- 
charge the proof plane, and change it by drawing it along rubbed 
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scaling-wa\, and carrj’ it to the disc, partial collapse ensues Dis- 
charge the proof-plane, recharge it by touching electrified scahng- 
wax and again touch the disc Repeat this , the collapse goes on 
until the lca\es hang frccl}, that is, the disc is discharged If ycu 
agjyn repeat the experiment, the leaves begin to di\ergc again , the 
electroscope becomes charged negatn cly 

Thencgatne electrification of the proof-plane, neutralises 
an equal amounLof- the positive electrification of lha electro- 
scope or any positnel) charged conductor, the proof-plane 
tlieiLbccomes charged similarl) to the conductor Each small 
charge of the proof-plane acts in this manner, until the electro- 
scope is completel) discharged , a further charge, charges the 
electroscope negatu cl j and the lca\ es di\ erge With a larger 
conductor than the proof plane, the partial collapse, total col- 
lapse, and divergence niaj take place at the first contact 

We conclude, that the accurate method for testing elcctri- 
jication, is to obtain further divergence as ^\c apptoach the 
electrified body to the charged electroscope , that collapse of 
the lea^cs may indicate cMther opposite or neutral electrifica- 
tion , and that on contact, a collapse, followed bj a discigcnce, 
may take place so rapid!}, that it may suggest tliat an increased 
dnergence has taken place 

Induction. Charge the electroscope with negative electrifica- 
tion Insulate a lath, by placing it upon ailry tumbler (fig 171) , 



phee scraps of paper under one end, and a rod of rubbed sealing- 
wax over the other end , the pieces of paper are attracted, although 
there has been no contact Remove the pieces of paper, ljut othei- 
lyse repeat the experiment , touch lliccnd of the lath that attracted 
t le paper with the proof-plane, keeping the sealing-wax m position, 
and carry the proof-plane to the electroscope , further divcigcnce 
^iows,that there is negative electrification at that end of the lath. 
Discharge the proof-plane by passing it rapidly through a flame, 
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Touch the end nnde 7 the excited wax with the proof-plane and 
carry it to the electroscope , the leaves collapse, but this proves 
nothing, save that the electrification is not negative Discharge the 
electroscope and then charge it positively Repeat the last ex- 
penment , further divergence shows that the end of the lath under 
the sealing-wax, possesses positive electnfication At or near the 
middle of the lath no form of electnfication can be detected Re- 
move the wax, electrification cannot be detected on any portion of 
the lath ^ lCCx)- 

When electrification is produced upon a body, by means of 
an electrified substance without contact, the body is said to be 
electrified by induction 

Repeat the expenments, usmg a rubbed rod of glass instead 
of sealing- wax, and show that the lath is positively electrified 
at the far end, and negatively electrified under the rod, and that 
there is no electrification at the middle of the lath 



We may show the electrification of the lath by induction, 
by substituting the electroscope for the pieces of paper (fig 
172) 

Gmng the electroscope an initial, known charge, bring the 
excited electrified body to the fir end of the lath, and determine 
the nature of the electrification, at the end 01 ci the electroscope 

A brass rod with rounded ends, or wood covered with tin- 
foil will yield better results, the electrification spreads more 
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easil} upon it, metal being a better conductor of electrification 
than wood 

If a bod) charged positi\el), be brought near an insulated 
conductor, the near portion of the conductor becomes nega 
tivel) charged, while the remote portion becomes charged posi 
In el) on removing the electrified bod) , the insulated conductor 
shows no signs of electrification If a negatn el) electrified body 
be brought near an insulated conductor, the portion near the 
electrified bod) becomes chained positivcl), the farther end 
negatnel) , on remoMiig the electrified bod), the conductor 
shows no Signs of electnfication 

The reason, wh) the loa\cs of the electroscope diverge, when 
a rubbed rod of sealing-wa\ approaches is, that by induction 
the disc becomes charged positively, and the leaves negatnel) , 
and the Icav es being similarl) charged, repel each other 

^ j To, charge a body electncallyhy_iDductm/— jArrangciwo 
insulated conductors in contact side by side (fig 173) The balls 
being m contact practicall) 
form a single conductor 
Bring a positively elcctnficd 
conductor near one, and show 
b) the proof-plane, tint the 
far ball is charged positnci), 
and the near ball is charged 
negatnel) Test the condi 
tion of the balls where thc) 
touch, no sign of elect rific i- 
tion can be detected Re- 
move the electnfied bod), 
neither ball shows an) sign 
of electrification *73 

Keeping thc rod m its place, separate thc balls, and then reniov e 
the rod Test each ball scparatcl) w ith thc proof-plane , the far 
ball remains charged positively, thc near ball negatively Instead 
of using thc proof-plane, bring each insulated conductor in turn near 
an electroscope, and obtain divergence of thc Iccavcs (How must 
the electroscope be previously charged in each case 5 ') Let the 
balls touch again , just before contact a spark passes , after contact 
neither form of electnfication can be detected on cither 

While thc electnfied body is in position, touch the fai ball 
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momentanly with the finger, remove the finger and then the 
rod , test the nature of the electrification on both balls, both wll be 
negatively electnfied I (How uould you charge both positively'*) 
Repeat, but touch tlie near ball, again both remain negatively 
electnfied Converse results are obtained if rubbed vulcanite, 
sealing-wax, or shellac be used m the place of the glass rod 

To vary the experiment use an insulated cyhndncal conductor , 
while an electnfied glass rod is near, touch the cylinder, remove 

first the finger, then 
the rod (fig 174) Test 
-A the cylinder, it will be 
■Ji ,4 found to be negatively 
\ 1 electnfied Repeat, 
\ A but touch the end of 
V \ the cylinder near the 
V\,A rod 

s'" When %\e touch 
the cylinder, the cy- 
linder, our body, and the earth form one conductor, the near 
portion (that is the cyhnder) becomes negatively electnfied, the 
body and the earth positively electnfied On removing the 
finger, the cylinder remains negatively electrified 

By usmg a rod of sealing-a\ax or vulcanite we can similarly 
charge a body positively Qt is not necessary to touch the balls 
or cylinders at the side remote from the charged bod) the 
body and the earth will always form the distant portion, and on 
removing the finger the insulated conductor remains charged 
Instead of using our finger and body to connect the insulated 
conductors to the earth, it is often convenient to use a chain or 
wire) 

To charge an Electroscope by Induction — (i) (fig 175) 
The uncharged leaves hang side by side (2) Bring a rod 
charged positively near the disc The disc becomes nega- 
tively, and the leaves positively electnfied by induction, and 
diverge (3) Touch the disc with the finger, the disc, the 
leaves and the finger become negatively charged, the bod) 
and earth positively , the positive electnfication of the rod 
neutralises the equal amount of negative electnfication on the 
electroscope, and the leaves collapse (4) Remove the hand , 
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the negati\e electrification of the electroscope is acted upon 
by the positne electrification of the rod, and the leaves are un 






affected (5) Remore the rod , the leites diverge, as the whole 
electroscope is charged v\ilh negative electrificationy 

The student will remember, that the leaves do not diverge 
because negative electrification repels negative electrification 
Wien the rod is removed, the ncgativ c electrification on the 
disc and gold-leaves, induces positive electrification somewhere, 
on the side strips of tinfoil (fig j6i), on the walls, or on the 
glass of the electroscope Each leaf is between the other leaf 
negatively electrified, and a positively electrified body (the 
glass or the wall), it moves in the electrified space, avv’ay from 
the leaf to the glass 

If you insulate the electroscope, and connect the disc to the 
strips at the side by wire (fig 165), you may charge the disc as 
you please, but no repulsion takes place, because each leaf is 
between two bodies, each charged similarly with positive electri- 
fication 


/ Examples IV 

^ I llov would }0U cinrge a gold Icif electroscope positive!}, [a) by 
the lid of 1 body positive!} elcclrificd, and (l>)% llic nd of a bod} negi- 
livcl^lectnficd 

-2 An electroscope is charged negative!}, and an insulated brass ball is 
brought near the disc , what conclusion do }ou come to, as to the elccln 
fication of the ball («) when the leaves slightl} collapse, and (b) when 
they slightly diverge ’ 

3 A stick of scaling wav, having been rubbed with flannel, is found 
to be ncgativrcly electrified Hovv^, by means of it, would you charge a 
proof plane with positive electricit} ’ What would }Ou require instead of 
the scaling wax to charge the proof plane negatively ’ 
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4 A brass rod is supported horizontally b) a dry glass stem, and a 
large strongly electrified metal ball is brought near one end of the rod (but 
not near enough for a spark to pass) The rod is then touched for an 
instant by the end of an earth connected anre, and afterwards the ball is 
remoacd Will it make any diflfercnce in the final clectncal state of the 
brass rod whether the wire touches it at the end nearest the ball, at the 
end farthest from the ball, or at the middle* Gi\c reasons for your 
answer 

5 Two insulated metal spheres arc brought so as to touch one another 
A positively electrified glass rod is brought near to one of the spheres and, 
while It IS there, the other sphere is taken away Then the glass rod is 
taken aw a} On bringing the spheres near to each other again, a spark 
passes between them Gi\c the reason for this * 

6 If an electrified piece of metal is made to touch a gold leaf electro 
scope, the leaves separate, and, on taking the metal awaj, the} remain 
separate But if the electrified metal is only brought near to the electro 
scope, and then taken away, the leaves separate, when the metal is near, 
but fall together when it is taken avva} Why is there a lasting effect on 
the gold leaves in one case, and only a temporal} effect in the other 
case’ 


Attraction and Bepnlsion — We can now understand more 
clearly, what takes place, when a positively electnfied body at- 
tracts a pith ball or other light body 
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in a closed conductor (an ordinar) room) The positne elec- 
trification on the sphere induces an equal amount of negative 
electrification upon the walls of the room the insulator (the 
air) IS in a state of strain, and any body placed in it w ill be 
electrically affected The pith ball is in a space betAiecn the 
charged sphere and a portion of one of the walls , the negative 
ckctnficaiion on tins potiton of the wall will be vet y small m 
amount eompaitd with the poutive clectnf cation on the split? c 
The side of the pith ball near the sphere, becomes charged 
negatn elj b\ induction, an equal positn e charge being on the 
other side (How would it be charged if the pith ball were not 
insulated?) The side negatn el) electrified is attracted b) the 
sphere, the other side is repelled , if this w ere all that took place 
attraction would ensue, seeing that the negatn e charge is nearer 
than the positn e charge A similar action upon the pith ball 
takes place, due to the negative electrification on the wall , the 
result of this alone would be-to-nUracLlhe-pidi balkto ihc-wall 
On account of the greater amount of electrification on the 
sphere, compared with that on the portion of the wall, and also 
upon the nearness of the pith ball to the sphere, the attraction 
of the sphere is greater than tlic attraction of the wall, and the 
pith ball moves to the sphere 

The greater amount of the attraction and repulsion, is duel 
to the action of tlie sphere, this has led to the action being 
described as due to the sphere alone If we connect the’ 
sphere and the walls with a wire or other conductor, and the| 
whole be insulated, no matter how' we charge the sphere, it will { 
not attract a pith ball or an) other suspended body 

The electrification is on, or near, the outer surface of a 
conductor — When a hollow insulated conductor wath an apertuic, 
15 charged positively or negatively (fig 177), a pi oof-plane, c, can 
collect a charge from the exterior, but not from the intenoi: 

iyectnfy-aJiollow_insulated.mclaJ cyhndei, touch the inside with 
the-prootplane, and carry tlic-planc to tlic electroscope , no charge 
can be collected from the inside (fig 178) , show that a chaigc can 
be obtained from the outside 

A gauze net, held in an insulated handle, is charged , the pi oof- 
plane is able to collect a charge from the outside, but not from the 
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inside Take bold of the two dry silk threads, and turn then« 
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outside in , the charge can again only be collected on the out- 
side (fig 179) 

fifths proof-plane or other body inserted into a hollow con- 
ductor be electnfied, then by induc- 
tion, electrification of opposite kind 
•will be found on the interior^ a 
charge is also obtained if the proof- 
plane be large and project beyond 
the aperture, the plane then forms 
part of the outside surface 

The electnfication might quite 
as accurately be described as re- 
siding on the film of air nearest to 
the conductor, as on the e\tenor of 
the conductor itself 

Electrical Density Points — In 
electncal apparatus, the conductors 
are rounded, points are avoided 

Charge an insulated pear-shaped conductor (fig 180) electrically, 
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cither by induction, or b> using the electropliorus or elcctncal 
machine , test parts of the surface with the proof-plane 


r 
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On carrying the plane to the electroscope, it is found that 
the greatest amount of electrification, can be taken off by the 
plane at o, where the cuiaature is least, and the least amount 
at.r, where the cunaturc is greatest. 

^TJic amount of electrification per unit of surface, is.callcd 
ibc-electric densit) of_that-sur/hccJ The c\penment_ above 
show s, that the electric density at the part a is greater tlian at c 
If a be reduced to a point, the density may become so great, 
that the electrification passes awaj in a stream from the con- 
ductor to the particles of air, and the conductor is soon dis- 
charged 

If an unelcctrificd insulated conductor be provided with a 
point, and an electrified body charged— say, negatively — be 
brought near the point, by induction the point becomes 
charged positis ely, the density becoming so great that a silent 
transfer of the electrification takes place, the negative passing 
to the conductor, while the positive passes to the electrified body 
On removing the electrified body, the conductor is charged 
with negative electrification , in a short time the conductor 
discharges itself bj the point 

We may graphically repicscnt the elcctiic density on insulated 
conductors, by drawing dotted lines around them (fig 181), the 
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comparative distance of the line from the surface indicating the 
comparatne electric density On the surface of a sphere the den- 
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sity is uniform, on a disc it is greatest at the edges The student 
should draw such figures for vanous forms of conductors 

E\ampi.es \ 

1 Under V hat circumstances can jou get a charge on a metal balj, 
hanging bj a silk thread, by touching therewith the inside of a metal jar’ 

2 A pewter pot IS insulated and electrified ir)Ou touch it atdiflcrcnt 
parts with a penny stuck to the end of a rod of scaling wax, what part of 
the pot will give the greatest quantity, and what part the least quantity of 
electncity to the penny ’ 

3 A deep metal pot positnely electrified, stands on a glass stem A 
metal ball hung bj a silk thread is put in contact wath a gold leaf electro 
scope after being made to touch — (a) first the inside, then the outside of 
the pot , or (b) first the outside, then the inside of the pot- State and c\ 
plain the ciTect on the electroscope in each case 

4 To protect a gold-leaf electroscope from being acted on, when an 
electrical machine is at work near it, it is sufficient to coacr the electro 
scope with a thin cotton cloth Plow is this ^ 

5 The extremity B, of a wire a B, is attached to the plate of a gold leaf 
electroscope By means of an insulating handle, the other end A is placed 
in contact, first avith the blunt and then wath the more pointed end of a 
pear shaped insulated and electrified conductor Desenbe and explain the 
movements of the leai ea of the electroscope 

-'6 An orange, into which a sewing needle has been stuck, point out 
wards, is suspended bj a dry silk thread A charged body is brought 
near to it, first, opposite the point of the needle , second, opposite the side 
remote from the needle Slate and explain the electrical effect in each case. 

7 An insulated electrified conductor can be discharged bj bringing 
near it the point of a sharp needle held in the hand Explain this 
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Potential — If an insulated conductor be electnfied posi- 
* tnel}', and we touch it, or connect it to the earth by a wire, 
there is a transference of positive electnfication along the 
body, or along the wire to the earth, or w e may saj there is a 
transference of negati\e electrification to the conductor This 
transference continues until the conductor shows no signs of 
electrification , it is discharged The air (an insulator) between 
the conductor and the earth was in a state of strain before we 
connected the conductor to the earth, and there was a tendency 
for the positive electnfication to pass to the earth , the transfer- 
ence became possible when a conducting body was introduced 
Whatever produces, or tends to produce, a transfer of electnfi- 
cation IS called electromotive force 

If we have two insulated spheres — one, say, 6 inches in 
diameter, the other ^-inch in diameter — and we charge the 
large sphere by holding it against the prime conductor of an 
electrical machine, while we make, say, 6 turns, and^ charge 
the small sphere, while we make, say, 3 turns, the large 
sphere contains a greater amount of electrification , yet, if the 
tw o be brought together, the electromotive force tends to pro- 
duce a transfer of electnfication, from the small to the large 
sphere, and the transfer takes place, if they be connected by a 
wire, or if they touch each other , or the strain may be so great, 
when they are brought near to each other, that the electnfication 
passes across the intervening air, carr}nng with it the pieces of 
mcandescent metal— that is, an electric spark passes 

The condition of a body with regard to its electrification 
that determines the direction of the transference of its electnfica- 



i88 Fiicttonal BlecUtctty 

tioHj IS called its potential The small sphere is at a higher 
potential than the large sphere 

Imagine two cisterns of water connected by a flexible pipe, 
one containing 2 gallons, the other i gallon The direction of 
the flow IS determined, not by the amount of water, but by the 
level of the water in the cisterns If the smaller be raised, the 
i^ater flows to the larger until the level in each is the same , if 
the larger be raised, the water flows from the larger to the 
smaller The level determines the flow of water, and in this re- 
spect is analogous to potential The level gives no inference 
about the quantity of water in the cistern, neither does the 
potential state anything about the quantity of electriflcation in 
either of the spheres If we charge an insulated body nega- 
tively, the space around it, is in such a condition, that there is a 
tendency for a transference of positive electrification from the 
earth to the body , the transference will take place if we connect 
It with the earth , the potential of the earth is higher than that 
of the insulated body This is analogous to the fact that water 
will tend to flow from the sea-level to any point below the sea- 
level , It will flow if the sea and the point be connected by a pipe 

Electrification flows from a body at any potential to one 
at a lower potential 

Another analogy may be found, in the cases of bodies at 
different temperatures Heat flows from a body at a high 
temperature to a body at a low temperature The body at the 
high temperature, may contain an amount of heat, equal to that 
contained by the body at the low temperature, a greater 
amount of heat, or a less amount of heat. The direction of 
the flow of heat depends upon the temperature, and not upon 
the amount of heat 

The explanation means no more than it says It does not 
state, for instance, that where^e^ there is negative electrifica- 
tion, the potential is lower than the earth, nor where there is 
positive electrification it is higher than the earth 

In figs 173, 174 the proof-plane can collect positive elec- 
tncity at one end, negative electncity at the other, while it is 
unable to collect any at the middle of the conductors If we 
connect the conductors at any point, by a w ire to the earth, there 
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IS a transfer of electnfication to the earth along the mre Everj 
part of each conductor is at a potential abo^ e the earth 

For purpose of reference v.c define the zero of potential 
as the potential of the earth , if electrification flows, or tends to 
fioTT from a bod> to the earth it is at positi\e potential if it 
flows or tends to flow, from the earth to the bodj, the body 
IS at negnti\e potential if on connecting the bod\ to the 
earth there is no transfer of electnfication, the bodj is at zero 
potential 

The space around a rubbed stick of \ailcanite, is in such a con- 
Qition. that there is a tendenev for positrv e electnfication to flo.’ from 
the earth to the ixilcanite , the lailcanite is therefore at negatue 
po cntial The nearer the vailcanite the greater the tendencj , the 
negatn e potential then decreases from the •vailcanite to the earth 
we do no: state hov ev cr, that the decrease is proportional to the 
distance ; we do not knov that the potential at four inches from the 
rod sa/ is half of wha*- 1 is at tv o inches Into this electnc field 
let us introduce the ELECTROSCOPE. 

Positive electnficaiion is transferred from the leaves to the disc , 
tne leaves diverge, being cnarged with negative electnfication, the 
Gisc IS charged with positive electnfication The potential of the 
V hole of vhe conducting parts of the electroscope is the same, other- 
vase there v ould be a further redistnbution , it is at negativ c poten- 
tial , if we touch It anvw here, electnfication flow s from the earth to 
the electroscope, and its potential now is zero, othenvase there would 
be a transfer ^om the earth to the electroscope, or from the electro- 
* scope to the earth Remov e the hand the electroscope is charged 
wnth positive electnfication, but in the p’-esence of the charged 
rod, it IS still at zero potential, because if we again connect it 
to the earth vnth a fine ware, there is no transfer of electnfication. 
Remov e the rubbed vulcanite , the electroscope is charged posi- 
tively and, in the absence of other electnfied bodies, is at positive 
po ential If now v e connect it to the earth, electncit-v flows from 
the craductor to the earth and its potential again becomes zero 

""The Electrophoros — In its simplest form, the electrophorus 
consists of tvo parts a cake B (fig 1S2) made of vailcanite resin, 
indiarubber, or other resinous subs*ance , and a flat metal plate 
A to V hich IS attached an insulating handle of glass or ebonite 
The cake IS struck or rubbed vath fur, and thus becomes negativ elv 
electnfied, b> induction the part of the table or surface on which it 
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rests becomes positively electrified (fig 183) On placing the plate 
upon the cake there is not perfect contact, the cake and plate only 
touch at a feu points, a layer of air being between at other parts , 
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below zero (fig 184) \ 1 { now the plate be touched (figs 182, 185), 
negative electnfication will escape while positive electrification will 
take its place^j there will be an excess of positive electnfication 
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ittracted bj the opposite charge on the cake, to the underside of 
the co\cr, the potential nscs to zero , on remo\ing the finger, the 
cover remains positively charged but at zero potential (fig 186) 
On raising the cov er by its insulating handle, the charge distributes 
itself over the plate, and the potential rises above zero If now we 
present anv conductor at a lower potential to it (fig 182), a spark 
passes, and the potential falls^. 

1 he cake remains in the same condition as after rubbing, 
and the cover may again be charged, and thus a series of sparks 
obtained 1 he spark is neither electrification nor electricity , 
liefore contact, the positively charged lid, charged the knuckle 
negatively by induction , the tendency for the electrifications 
to combine was so strong, that part of the lid was heated to 
incandescence, was torn from the hd, and formed the conductor 
for the passage of the electrification 

It may appear to the student that the electrophorus is an 
inevhaustible supply of energy , he should remember that 
over and above the work necessary to lift the plate when the 
cake is not electrified an additional amount of work is neces- 
sary to lift the plate when the cake is electrified, this additional 
work is the source of the energy 

The Cylinder Electneal Kachme — A cylinder of glass, \ 



(figs 187, 188) turned by a handle, d, rubs against a cushion 
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of amalgamed silk, e , the glass becomes positively electrified, 
the silk negatively electrified The nibber is usually connected 

to the earth by a con- 
ductor, and thus shows 
no signs of electrification , 
the rubber might be insu- 
lated and the conductor, 
G, joined to earth To 
the rubber is attached a 
Silk flap, r, to prevent 
loss of electrification g, 
an insulated cylmder made 
of brass, or metal, or wood 
covered with tinfoil, is 
called the pnnie conduc- 
tor, the larger it is, the 
greater will be the charge 
obtained , at one end of G is a metal rod carrying a comb, K, 
ivith fine brass points^ The electrified glass comes opposite 
the points , by induction the points become strongly charged 
negatively (fig 189) The negative electrification passes from 
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the points to the glass, while positive electrification passes from 
the glass through the comb to the conductor, which thus 
becomes charged positively, an equal amount of negative 
accumulating on the walls of the room The negative elec- 
trification, passing from the comb to the glass, renders the 
glass neutral as regards electrification , it becomes again charged 
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■mth positive electnfication as it rubs against the cushion and 
thus a continual supply of positive electrification is given to 
the pnme conductor 

The maximum potential of the prime conductor vnll be due 
to the difierence of potential attainable by the fhction between 
glass and amalgamed silk with other matenals the potential 
Will change. As the bodies we bnng near the prime conductor 
are generally at zero potendal, we obtain the best effects by 
keeping the rubber at zero the highest practical potential , that 
IS, we connect it with the earth 

The plate electrical machine — ^The action of the plate 
machme is the same as 
that of the cylinder 
mactiine * a glass or 
ebonite plate, x (fig 
190^ takes the place of 
the cilinder, there are 
generally two rubbers 
and two sets of collect- 
ing points, B. each con- 
nected With the prime 
conductor, that consists 
of the cun ed brass rods 
and the knob c. 

The energy of the 
machines is obtained 
from the work done, m 
turning the glass a 
large part of such work 
IS lost in fnctioT. 



Origin of the Leyden jar — The following electric machine 
WK m use in Leyden in 17^5 a reiolvmg sphere of sulphur 
tubbed agamst the dr^ hands of the experimenter ffi? loj) 
the spnere ^-as connected by a chain, with a conauctor of brass 
su^nded bj drj silken cords A pupO wishing to electnf\ 
m a lar held the lar in his hand, and le^a chain from 
the conductor dip into it after some time he touched the con- 


o 
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ductor with his other hand and received a severe shock This 
gave rise to the Leyden jars 
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Imitate the experiment, using a simple Leyden jar shoun in 
A nail passes through a dry cork, and dips into the water 
in the bottle Dry thoroughly the outside of the 
jar Hold it in the hand, and press the nail-head 
against the pnme conductor of the machine Aftei 
the jar is charged, touch the nail-head with the 
finger of the other hand 

Explanation of the Leyden jar — ^Electrify 
an inTSlated brass disc, and fix it about above 
the electroscope, touch the top with the finger, 
and remove the fingei , the leaves do not diverge 
see fig 175) , intei-pose a dry thick plate of glass 
between the disc and the top of the electroscope, 
without touching either The leaves diverge with 
positive electnfication Ebonite, solid paraffin, and 
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india-rubber give similar results 


Induction acts better across glass, ebonite, and irtdia-ruboer 
than across air 

When an insulated conductor is charged, say, positively, an 
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equal amount of negati\e electricitj' is distnbuted upon the 
walls of the room, the bodj of the expenmenter, and upon 
neighbounng conductors , if the latter be very near compared 
v^ith the others, the induced charge vnll be practically upon 
the neighbouring conductors 

Dry carefully a v amished pane of glass, rest it upon an insu- 
lating stand, and place upon it a square of tinfoil smaller than the 
glass Charge the insulated tinfoil with the electrophorus It soon 
becomes charged positn ely The bulk of the equal negatii e charge, 
being on the surface of the table, we may neglect that on the walls 
of the room If w e bring the finger near the tinfoil, it is charged 
negatu elj b} mduction, and at 
a short distance a verj small 
spark passes 

Rest a piece of tin, B, the 
size of the tinfoil, on the insula- 
tor , place the glass on this and 
the foil, A, above , again charge 
the tmfoil (fig rg3), an equal 
negative charge wall be on the 
tin, and the tinfoil receives a greater charge than before, touch 
the tin or connect it with the table. The upper tinfoil is now able 
to receive a few more sparks The tin is usually placed upon the 
table, and is then in constant electncal contact with the earth 

^The positive elev-tnfication, acts by mduction across the glass, 
and induces negative electrification on the surface of the tm near 
the glass, positive electnfication being in the other side The 
amount of the -}- ve charge given to the tinfoil is limited to the 
amount of the induced — ve electrification on the -^heet of tin, 
when we touch the tin, there is a transfer of the positive electri- 
fication to the earth , the tinfoil is thus able to receive a further 
positive charge, as an equal negative charge readil} flows from 
the earth and distributes itself on the tin By connecting the 
tin to the earth, we have mcreased the capacity of the tinfoil, 
and its capacity is also greater than if air were betw een the foil 
and the tin, seeing that induction takes place better across 
glass than air 

If we now bring the finger, which is electncally connected 
with the sheet of tin, near the tinfoil, the finger becomes charged 
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i \ negatively by induction, the tension is greater than before, and 
^ we feel a distinct shock It is evident that the greater the area 

of the tinfoil, the greater will 
be the capac^ 

For experimental purposes. 
It IS convenient to make the tin 
larger than the glass (fig 194), 
the glass can be lifted by dry 
silken handles It is then easy 
to show that the charge A re- 
ceives, depends upon its distance from b To obtain the greatest 
charge we place a as near as possible to B 

The Iieyden jax — K glass vessel is lined inside and outside 
to a certain height with tinfoil (the two metal plates of the pane) 
Glass IS used because induction acts better across it, than any other 
common substance , it also resists the transference of the electrifi- 
cation better than air A metal knob is joined to the inside coating 
by a conductor, such as an iron or brass rod ending in a flexible 
chain, that pres? against the interior coating The rod must be per- 
fectly insulated , it passes through diy varnished mahogany (a bad 
conductor) to keep it off" the sides of the glass The glass must be 
kept dry , this is better attained by varnishing the uncovered part 

Leyden jars frequently act indifferently , the chief causes 
are (i) the kind of glass may be a bad insu- 
lator , (2) the insulation of the wood or cork may 
be defective, or the surface of the glass becoming 
coated with moisture, the two coverings are 
electncally connected, and the jar is discharged 

The best form is an open jar Coat the bottom 
and the inside to within 2" of the top with tinfoil, 
connect the knob carefullj, and fill up with wax to 
keep the knob in its place (fig 195) , coat similarly 
the outside Varnish the uncovered part of the 
glass with shellac varnish 

ajid _^soharge the^Ieydenjar — The jar is 
charged by connecting one coating with the earth, and pre- 
senting the other to the prime conductor of a machine, or by 
giving the other successive charges from an electrophorus , for 
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To c harge 



Fig 194. 
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comenience, the ouht coating is earth-connected, either by 
letting It rest on the table or b) holding it m the hand A ell- 
made jar should retain its charge for some time, although in 
the best a slow leakage takes place 

The jar is discharged by connecting the two coatings, if it 
rest on the table and the connection be through 
the table, the floor, and our bod>, we experi- 
ence a shock , usuallj a thick rod or ware with 
a knob at each end, is used as the discharger, 
the wire is insulated from the hand, one knob 
touches first one coating, and the other knob is 
then presented to the other coating 

cheap form of dischaiger is shown in fig 196 
The ends of a thick piece of wire arc inserted into 
small brass or leaden balls, the wire is fixed 
securely into a thick test-tube with cement For 
ordinary expeninents a > ard of thick telegraph w ire 
coated with gutta-percha answers well, the insu- 
lation of the gutta-percha is sufficient, and the wire can be bent 
into any desired shape. 

A leyden jar with movable coatings — u (fig 197) is a 
glass that fits into a tin cup c, a tin vessel d, electncall) connected 
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v\ith a knob fits into b The Leyden jar, a, is built up from these 
parts, and is charged in the usual waj If we hold it in one 
hand and touch the knob, the shock informs us that the jar is 
in good order Again charge it and place it upon an insulator 
(a sheet of vulcanite) Lift out d and place it upon the table, a 
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\or) small charge comes ^\uh it and an equal rlnigc can be 
obtained from the outside coating nois remote ii, and finallj 
place c on the table We can handle the parts without espe- 
riencing anj shoek Replace c on the insulating stand, insert « 
and finally v On connecting the inside and outside coatings, 
a strong shock is cspcricnced 

Seeing that c and d hate been connected to earth, we can 
onl> conclude that the electrification resides in the glass and 
not on the metal coatings , the glass is in a stale of strain To 
discharge the jar, it is how ever nccessarj to ha\c the metal 
coatings 

If a jar be discharged, and in a few minutes the coatings be 
again connected, another slight shock is csjiericnced , after a 
short time another can be obtained , the glass is unable to 
relieve itself entirely of the strain when connection is first made 

Atmospheric Electricity —T he analog) between lightning 
and thunder, and the electric spark and the accompanjing 
noise was obseried bj the earliest jihilosophers Franklin 
suggested that a thunder-cloud might be discharged by a long 
pointed iron wire connected with the earth (the esplanation is 
gnen on p 185), this csperiment was earned out Bclieiing 
that the thunder-cloud was an electrified bod), he attempted 
to discharge it, by using a kite w ith a pointed w ire attaclicd , 
the kite was held by ordinarj thread attached to a kei, a 
silken cord being interposed between the ke) and the hand , 
when the thread became dam/ during a shower he was able 
to charge a Le)dcn jar from the kej The use and reason for 
the \arious parts in the kite experiment, can be filled in b) 
the student 

(Acloud^ata potential aboie or below that of the earth, 
^acts by induction upon the earth and neighbouring clouds, 
inducing electrification of an opposite kind 1 he difference 
of potential may become so great, that discharges or flashes 
of lightning take place between cloud and earth or cloud 
and cloud, accompanied by thunder due to the mechanical 
disruption done by the spark, as it passes through the air 
The electric density will be greatest on parts that project, such 
as houses, trees, and tall chimneys , for this reason lightning 
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frequently stnkes sucn objects. As has been seen if the pre- 
lecting object end in a point a silent discnarge tal es place, 
rnicn wnoll} or partially neutralises the electrification of the 
thunder-cloud , even if the lightning strike a stout pointed 
metal conductor terminating und^ ground m large plates ot 
metak tne conductor offers but a small resistance to the electri- 
fication and the builcing to xvhicn this lightning-conx)T:ctor 
15 attached escapes "SMien the discharge tal es place through 
a chimney house, or tree, the resistance offered to the electn- 
fication is so great, that the object is frequentlj shattered 

■\\Tien a thunder-cloud is orer a person a shock that is 
sometimes fatal is felt even when hghtning does not pass 
bctTeen the cloud and the earth in that particular place The 
cloua induces a charge on the bodv and when lightning passes 
from the cloud to the earth at some ais^ance awav, this charge 
IS suddenly released ana escapes to eann jt is called the nUin 
shrih. 

EXrtMrixs \ I 

I Say exactly v Va* j 0.. mast do to gel a s..ccesaoa of sparks &oai an 
eIec.roi3hon.s 

2. .A. p.ece of diy h’-own paper laid ot a warm metal traj is robked 
vith catssir The trav is u-en p'acea on a dry g ass u-mb’er, era the 
orcvn paper is remo’-cd Explain bow iv is ihat yon can nov gCi. a snarl 
oa bncging yo_r kncc»Je near the tray 

3 litle ps*h ball rea.5 on a brass p’ate prowded with a gia5= hanale. 
The two are placed on a cai-e of resn which has loen rcboed wi'^h a cai- 
slaa When .he plate is toachec by tne finger ana J’en Iificd oy the 
ranale tne rith call jIitts oT the plate. Whi ^ 

4. Describe a Lcyccn jar ana tre me boa o*” c.''arg'ng i. 

5 Desenbi fallv, how vo.. v o jIc cba’ge a Ix'^oen jar from the positive 
co..aac or c an eicctncal machine so as to ge Cv will either a pos'tivCj ora 
Eigaave, charge oa the x-ner coa mg 

6 On touching tne knen of a charged Leyden jar s anoing oa the floor 
c' a coaimoT tan’e, y o_ gt* an elec rc shoe’ , b-t if ejjier y oa, o*- me jar, 
siara oa a drvcal^e of icsia yoa do ro^ ge. a shocr oa toacb..ngtne krob 
Exala T .hi-- 

7 The iraer coa jng of a Leyoe^ jar, is co-irectert hv a vare with the 
pnmeconauc'orof an electnccl riachirc, ard aLo vwji t. go’a leaf electro- 
scope. If .he jar rei.s epo- a shee‘ of glass, a qcarter o'" a tern of the 
raachme proocces a large c veigence o'" me leaves o'" the elec'roscoae If 
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tlic Ik, removed ten turns of the hindic irt required to produce the 
simc deflecuon. l^xpHin i)ii5 

S One person holds n chirgcd 1 t^ikn jnr in his tnnd li> its outer 
coitini;, md another holds nmilirl) an unclisrpid jir Wlnl happens 
when the knolrs of the two jars arc hrouf;hi tofelher 

9 When the handle of an ordinar) frictional machine is li rntd, sparVs 
can be drassn from the prime conductor Lsplain c.artfoIl> how the 
prime conductor becomes charged with clectricitj 

to In the common plate or c>iindcr electrical machine, the conductor is 
of rounded shape at all parts, except v here it comcs nearest to the plate or 
cjlindcr , but here it is provided with sharp projecting points \\ hat reason 
IS there for this arranKtincnt ’ 

It How Is It that in damp weather an ordinar) plate electricil machine 
will not worl welP 

12 Two pith balls suspended, one h) a damp cotton thread, the other 
b) a dr) silken thread, arc each of tliciii touched b) the Knob of a cliar{;ed 
l/ijden jar, which is held in the hand h) its outer coatini. Will there 
lie an) difference lietwccn the behaviour of the two balls' If so, what 
difference, and svh)' 

13 \n electrified metal ball r introduced into a di) glass tube do cd 
at one end, and then the tube liung held in the hand is brought near to 
the tap of an electroscope Wlnt will the effect on the electroscope be if 
the exterior of the tube (i) is, (2} is not, covered with tinfoiP 

14 Two pith lialls hang side b) side b) two damp cotton threads 
State and explain what happens when an excited glasi, rod is brought 
gradual!) nea' the two balls from below 
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CHAPTER I 
THE VOLTAIC BATTERY 

The Simple Cell — On connecting a body at any electncal 
potential, to a body at a lower potential, with a wire, there is 
a transfer of electnfication along the ivire, the transfer being 
regarded as from the higher potential to the lower potential , 
in Frictional Electricity, several examples of such transference 
have been noticed The transference takes time so shorty that 
It may be regarded as being instantaneous , when the potentials 
become equal, there is no further transference If therefore we 
could keep the difference of potential constant, we should ha\ e a 
continuous transference of electnfication, called a current 

Dip a rod of pure zinc into dilute sulphunb acid , no effect is 
observed D ip a rod of ordinary commercial zinc into the same acid , 
an efferv'escence takes place, hydrogen is evolved, the zinc rod 
wastes, and forms sulphate of zinc , this is an example of chemical 
action 

If rods or plates of pure zmc and copper be placed m 
dilute sulphunc acid so that they do not touch, no obpmiopi 
action takes place, nor can any difference of potential ordinarily 
be observed betw’een the copper, acid, and zinc If a piece of 
copper wire be joined to each plate (fig 198), that joined to 
the zinc c is at negative potential, while that joined to the copper 
c IS at positive potential , the difference of potential produces a 
tendency for a transference of electrification from c' to c 
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1 hat Inch moves, or tends to mo\ e, a mass is called a force, 
■vvhate\er moves or tends to mo\e electrification is called 
ELECTROMOTIVE FORCE , although it IS not a force at all in the 
ordinary sense, seeing tha^ electrification is not a material sub- 
stance The letters E M F will be used for electromotuc force 
If the two wires c and c' be joined (fig 199), a current, due to 




the E M F , flows from the copper to the zinc outside the liquid 
and from the zinc to the copper inside the liquid bubbles of 
gas, found to be hydrogen, rise from the copper , the zinc is 
gradually eaten away, and sulphate of zinc dissolves in the solu- 
tion A^^^en the terminals cc', are separated— that is, when we 
break the circuit — the action ceases 

The wire joined to the zinc plate is called the negatne 
or — pole, while that joined to the copper is called the positne 
or + pole 

The difference of potential between the terminals is the 
cause of the E F When the circuit is made the current 
flows, and the difference of potential js maintained by the con- 
sumption of the zinc The electric current possesses energy and 
can therefore do w ork The source of the energy is due to the 
action of the acid upon the zinc In all cases of a current ive must 
have one plate acted upon and gradually destroyed bj^a liquid, 
if both A and b were unaffected by the acid, it would be im- 
possible to maintain an electric current 

For convenience we speak of the direction of the current 
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as being from a higher to a lower potential, that is the direction 
of the transfer of the positive electnfication 

Fit up a simple cell (fig 200), connect the w ires called terminals, 
and obseiv e the decomposition of the pure 
zinc. If ordinarj' zinc be used, action 
begins before the terminals are joined , 
on joining the action increases Collect 
the gas evolved , it bums and can be 
shown to be hydrogen Evaporate part 
of the liquid , a white salt, called sulphate 
of zinc, remains N otice that the tempera- 
ture of the hquid rises 

Polansation — Many of the v^ery Fig 

small bubbles of hydrogen adhere to the copper plate , they 
reduce the available part of the copper plate, and thus oppose 
the current Hj'drogen just formed, is easily oxidized like zinc , 
there is thus a tendency to send a current from the hydrogen 
to the zinc, this opposes the onginal current and ultimately 
equals it , the action of the cell then ceases, and the cell is said 
to be polansed 

To prevent Polarisation — (i) 

The copper plate may be frequently 
brushed , the bubbles are thus re- 
moved, and the weakened current 
increases in strength (2) The 
copperplate, or the plate that takes 
its place, may be roughened , the 
bubbles form at the roughened 
points, enlarge, and nse to the top 
(3) Chemical means maybe adopted 
for removing the hydrogen or for 
preventing its formation 

The Smee cell — h. thm plate of 
silver or platinum is cov'ered with finely 
divided platinum, and is fixed m a 
framework, B (fig 201), supported by 
a crosspiece, E , a piece of copper wire 
IS attached to the plate by a binding-screw, D 



Fig 201 


The zinc plates, A 
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are fastened together by a metal bmding-screw, c , to this screw is 
attached a copper wire 

The copper wire attached to the zinc is at negative 
potential, while that attached to the platinised plate is at 
positive potential The electromotive force produced tends 
to send a current from the platinum terminal to the zinc ter- 
minal , and if the poles be joined by a copper wire, a current 
flows A Smee cell soon decreases in strength 

The Bichromate cell — Certain substances, such as nitric 
acid and bichromate of potash, oxidise the 
hydrogen just when it is formed , the hydro- 
gen joins with the oxygen of these substances 
and fonns water 

The bichromate cell consists of two plates 
of carbon, cc (fig 202), connected by a metallic 
plate at the top, so that they practically form 
one plate A zinc plate, z, is between them 
The liquid is bichromate of potash and sul- 
phuric acid 

The solution attacks zinc, even when the 
circuit is broken , the zinc plate is, therefore, 
always lifted out by the movable rod, a, 
when the circuit is broken This cell is ex- 
ceedingly useful. It acts well for short penods, and gives off no 
obnoxious fumes 

The Baiuell celL — In this cell, named after its inventor, 
the polarisation is prevented on a different pnnciple The 
plates are zinc and copper, but they are placed in different 
liquids, the zinc being surrounded by dilute sulphuric acid, and 
the copper by a copper sulphate solution , the liquids are 
separated by a porous partition of unglazed ware IVhen the 
terminals are joined, the zinc is eaten away, forming zinc 
sulphate, and hydrogen is liberated , the hydrogen does not 
escape at the zinc, it seems to attack the next molecule of 
sulphunc acid or hydrogen sulphate, and hberate the hydrogen 
of that molecule , this in turn attacks the next molecule, and 
so on, until the porous cell is reached The cell prevents the 



Fig zoz 



Th& Voltaic Battery 


205 


liquids mixing, but does not prevent the passage of the hydro- 
gen ]ust formed , the hydrogen attacks the nearest molecule of 
copper sulphate and forms sulphuric acid and copper The 
liberated copper attacks the next molecule of copper sulphate 
and liberates copper, and so on until the copper plate is reached , 
the last particle of copper from the last molecule of copper sul- 
phate IS deposited upon the copper plate, which is thus kept 
clean and there is no polarisation 

Copper is represented symbolically by Cu, zinc by Zn, sulphur 
by S, and oxygen by O CUSO4 is copper sulphate , ZnS04, zinc 
sulphate , H5SO4, hydro- C7i p 

gen sulphate or sulphuric 
acid The upper line (fig 
203) repiesents the posi- 
tion of the molecules be- 
fore the ciicuit IS made, 
the lower when action 
begins P IS the porous 
cell The student should 
remember that these Frc 203 

molecular changes cannot be observed , the diagram is merely to 
assist him in understanding what in all probability takes place 

The cells are usually constructed so that the copper plate, a 
forms the vessel ■(fig 204) The porous vessel, B, is placed m this 



C 
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and the zinc, c, is placed inside the porous vessel Inside the copper 
vessel IS placed the solution of copper sulphate, with more crystals 
in a perforated trough, D, to supply the waste caused by the de 
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composition of the copper sulphate Dilute sulphuric acid (i 
part of acid to 12 of water by volume) is poured into B Apian of 
Darnell’s cell is given in fig 205 


The battery is ver) constant and no obnoxious vapours are 
given off The porous cell becomes ultimately filled with a 
solution of zinc sulphate , provided it does not become over- 
saturated, so that crystals are deposited, the zinc sulphate acts 
effectively instead of sulphuric acid 

The Grove cell — The outer vessel, A (fig 206), IS of glazed 
porcelain , c is a rectangular porous cell con- 
taining a plate of platinum, D Around c is 
bent a plate of amalgamated zinc, B The 
liquid in c is fuming nitnc acid, and in a, 
dilute sulphuric acid 

I^Tien the circuit is closed, a current 
passes from the zinc, through the sul- 
phuric acid, liberating hydrogen, this 
hydrogen passes the porous plate, and is 
oxidised by the nitric acid The nitric 
acid is reduced to a gas that fumes in air, 
but does not attach itself to the plati- 
num, which is thus kept clean The cell 
IS powerful, but it soon weakens, and it 
liberates poisonous nitric fumes 


B 
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The Bansen cell — The construction and action are the 
same as the Grove, save that carbon takes the place of platinum 
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The charcoal block, C (fig 207), is placed in the porous cell, v, 
containing strong nitnc acid , v stands inside the divided cylinder 
of zinc, z, nhich is placed in a glazed jar, F The zinc is surrounded 
by dilute sulphuric acid The terminals are connected to the zinc 
and carbon 

The Leclanche cell — In a Leclanche cell, commonly used for 
electric bells, a block of carbon, C (fig 208), stands in a mixture of 
the higher oxide of manganese ^ 

(pyrolusite) and carbon, M, con- ^ 
tamed in a porous vessel, P 
The porous cell is placed m a 
glass or earthenware jar contain- 
ing a solution of sal ammoniac, 
the jar also contains a zinc rod, 
z The zinc dissolves, and the 
manganese is reduced to a loner 
oxide 

It acts well for a time, but 
It soon becomes polansed , if 
allowed to rest, it regains its 
power, and, with frequent rests, 
acts for an almost unlimited 
time 

Amalgamation — Impure 
zinc IS readily attacked by 
dilute sulphunc acid, but the 
acid has no effect on pure 
zinc Impure zinc contains particles of uon and other metals, 
and slight differences in composition cause difference in poten- 
tial , thus when a plate of ordinary zinc is placed in acid, cur- 
rents called local currents ensue between various parts of the 
plate, the zinc is destroyed, without effectively aiding the 
current of the cell To prevent local currents, the plates are 
amalgamated the plate is dipped into dilute sulphunc acid , 
uhen effervescence begins, it is removed, washed, and rubbed 
with mercury , a uniform amalgam of zinc and mercurj' fonns on 
the zinc , this acts as the plate, and local currents are stopped 

A battery —When two or more cells are joined together, so 
that the zinc of one is joined to the platinum, carbon, or copper 
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of the second by binding-screws in (fig 209), the rmc of the 
IS to the copper, &c. of the *.rd, a batter, . toed th 
terminals are joined to the zinc and copper of the end cells by 



binding-screws, ab 
joining ‘ m senes ' 


Joining cells in this manner, is called 
Fig 210 is the form of Daniell’s battery 
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used in the Post Office A teak trough is divided into ten 
cells by slate partitions, and the interior is coated with marine 
glue Each cell is subdivided by a porous plate of unglazed 
porcelain 


ElhA^rPLES I 

r Explain the terms, a simple voltaic cell, and voltaic battel^ 

2 What IS meant by electromotive force, and potential ’ 

3 How IS the current sustained 10 a cell ’ 

4 What IS meant by polari'Hion ’ How is it prevented ’ 

5 \tTiy and how are zinc plates amalgamated ’ 

6 Explain by the aid of a sketch, the construction of a Danicll cell 
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CHAPTER II 

THE CURRENT— THE GALVANOMETER 


Effect of tlie cmTent on n msg’nct Oersted's Expenutent — 
Let a magnetic needle be suspended freely in the magnetic meri 
dian Abo^e it, and parallel to it, hold a thick copper wire, joining’ 
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the poles of a cell 
beneath the needle 
direction (fig an) 


The needle is deflected Now hold the wire 
, again deflection ensues, but in an opposite 


hen the current flows from soutli to north, above the needle, 
the north seeking pole turns to the west , uhen placed below, it 

fmT ,1° ° current Aoaa s 

from north to south, the reverse effects are obtained This re- 

ation between the current in the voltaic circuit and magnetism 
ts very striking and important There is evidently a magnetic 
field, surrounding the wire conveying the current 
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The deflection of the needle is an easy method of detecting 
when and in what direction a current flows 

Ampere’s rule for aiding the memory is Imagine yourself 
swimming with the current, and looking at the magnet, so that 
the current enters your body at your feet and leaves it at your 
head , the north-seeking pole will turn to your left hand 

The wire need not be exactly above or below, or parallel to 
the compass-needle Hold the wire in various positions, and 
show that Ampere’s rule meets every case 

The Multiplier — If the current flow in one direction above 
the needle, and in the reverse direction below, both the current 
above and below, by Ampbre’s rule, tend to turn the north-seek- 
ing pole in the same direction , the effect ’S greater than when 

the single wire is used 
We can further in- 
crease the effect by 
making two, three, or 
more turns, and thus 
feeble currents are 
easily detected 

Hold the ivire above 
or below the needle, then turn the wire round the needle as in 
figure 212 , note the increased effect , turn it three or four times, 
and note further increased deviation 

Galvanoscope — An instrument that detects electric 

currents, is called a galvano- 
scope 

A cheap galvanoscope — 
Make a wooden framework 5" 
X i|" X il'' (fig 213) with 1 
groove an inch wide along the bottom ' Wrap thick, covered wire 
ten or twelve times round, taking care that the wires neither touch 
nor cross each other Attach the framework to a wooden board, A B 
(fig 214), joining the terminals of the wire to the binding-screws B 
and C Glue a graduated card, D, to the centre of the framework 
A needle is fixed to a piece of wood glued to the centre of the 
card D, Its point so placed that the compass resting upon it may 
be midway between the wires Place the galvanoscope so that 
the needle is m the magnetic mendian 




Tig 3T3 



The On } ait — The Galvanoincta 


2II 


The gal\“inoscopc ill detect a current if ejom the terminals 
of a cell to the binding-screws, and bj appljing Ampere’s 
rule w e can, by the motion of the compass determine the direc- 
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tion of the current The gaUanoscope is sometimes called a 
gabanometer, the latter name should be retained for an m 
strument that luasints a current 

The Astatic Galvanometer — To detect feeble cun cuts the 
astatic gab mometer is used An astaitc needh consists of tw o cv 
actlj equal magnetic needles, ab., c’t> (fig 215;, attached to the 
same a\is, their poles in opposite direc- 
tions and both m the same \ ertical plane , 
under the influence of the earth’s mag- 
netism such a needle would rest m anj 
position , a needle cannot, howc\cr, be 
constructed pcrfectl) astatic If the 
lo\ er needle be surrounded by a coil of 
wire trq, the action of the current both 
abo\ e and below will be to turn ab \n 
the same direction ; « o tends to set a'b' 
also in this direction, while qp tends to 
set a’b’ in the opposite direction, but p q being further remo\ cd from 
a b’ than « o w ill ha\ e the less effect The magnetism of the earth 
ha\ing such a small directne effect upon the needle, \er>' feeble 
currents passing through the coil tw ist the needle 

The coil consisting of man> turns, as shown m fig 216, the 
needle is suspended by a single fibre of unspun silk , the wire form- 
ing the coil terminates in binding screws to The slit in the 
graduated circle c is parallel to the direction of the w ires m the 
coil, and the zero of the card is at the continuation of tins sliL To 
use the instrument, the frame carry mg the coil is mo\ ed until the 
upper needle is at zero, the wires carrjing the current to be tested 
are joined to to The instrument needs great care , it w ill gene 

p 2 
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rally show a deflection from a battery made of a penny and an 
equal disc of zinc, separated by a piece of blotting paper dipped 

in brine The needle, 
when not m use, should 
be lowered to rest on 
the card 

Evamples II 

1 Two compass 
needles are arranged near 
each other so that both 
point along the same 
straight line A ivire 
connecting the platinum 
and zinc ends of a battery 
is stretched v ertically half 
way between the needles 
How will the current 
in the wire affect the 
needles, and how will 
the result depend upon 
whether the platinum ter 
minal is connected with 
the upper or lower end 
of the wnre respectively ’ 

2 Give a draiving of 
a galvanic cell of copper, 
zinc, and dilute sulphunc 

acid, showing in what direction the positive current passes through a wire 
connecting the two metals and also through the dilute sulphunc acid 

3 What are the matenals used in the construction of a Daniell cell, 
and what chemical changes occur in the cell when m action? 

4 Desenbe a Grove cell and explain its action 

5 Wires from two separate voltaic hattenes are stretched one above the 

other from north to south (magnetic) and equal currents pass through both 
wires If a magnetic needle, free to turn horizontally but not vertically, 
IS hung halfway between the wires, how ivill it be effected (a) if the 
currents are both in the same direction {d) if the currents are in opposite 
directions ’ '' 

6 A wire lies east and west (magnetic) immediately over a compass 
needle How is the direction in which the needle points affected when a 
strong current flows through the wire (i) from west to east <2) from east 
lowest? 
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7’ If } ou h'i\ c n ithin rc-tdi tu o u ires, connected one to one end and the 
other to the other end of a voltaic battery which is hidden, sa} how 7011 
could tell which wire is connected to the zinc end of the battci> 

S Describe an astatic galvanometer, why is the name not a good 
one’ 

Resistance — 1 he electnc current produces a deflection of 
the simple magnetic needle or of the galvanometer needle 
The stronger the current the greater is the deflection, although 
the deflection is not proportional to the strength of the current 
The current is set in motion bj the E M F , if the E i\I F 
be doubled or trebled, the current is doubled or trebled it is 
proportional to the E M F The strength of the current also 
depends upon the resistance it maj have to overcome in the 
conductors this is analogous to the fact that a current of 
water in a pipe depends not onlj upon the pressure, but also 
upon the size and interior condition of the pipe , if the pipe be 
partiallv filled with stones or sand, the flow is resisted and a 
smaller quantitj' of water passes per second 

Electrical resistance may be defined as that property of a 
conductor by virtue of which the conductor opposes the flow 
of an electneal current The greater the resistance the less 
will be the strength of the current The current is inverscl} 
proportional to the resistance 

The resistance of a conductor is inv'ersel) proportional to 
Its cross section, a conductor whose section is 3 sq inches has 
one-third the resistance of a wire of i inch section The re- 
sistance IS proportional to the length other things being equal 
there is double the resistance in a telegraph wire 4 miles long 
that there is in one 2 miles long The resistance also depends 
upon the substance of which the conductor is made , if we take 
the resistance of a ^good copper wire of given length and 
section as i, the resistance of a similar iron wire will be about 6, 
of brass 4, of a similar length and section of mercury nearly 60 
The unit of resistance is called an ohm , it is nearly the 
resistance of a mile of pure copper wire whose diameter is ^ 
inch, or of a tube full of mercurj of the same section and 
mile or 88 ft long If the diameter of the tube be -i- 
inch, the length of mercur> will be 88 ft x 16 — 100 or 
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1408 ft To reduce the resistance we must either reduce 
the length or increase the cross section of a conductor 

Ihe unit of electromotive torce is called volt, it is 
aery nearly the EMF of a Danicll cell The EMF’s of 
the other cells are roughl} Bunsen andGroae to 2 volts, 
Smee \ volt, Bichromate 2 volt, and Leclanchc iJ volt 

Ohm’s Law — ^The current strength is measured b} the 
quantity of electricity that flows past any point of a circuit in 
one second Both by experiment and calculation the following 
law has been proa ed true 

The STRENGTH OF A CURRENT IS diicctly piopotUoiial to 
the ELECTROviOTiVE FORCE, and tnveiscly piopotlional to the 
RESISTANCE of a circi/it. 


that IS current= - 


EMF 


R 


if we use suitable units 


When the EMF is one vo/t, and the resistance is one ohm, 
the current strength is called one atnplre, the unit of current 
strength When the current strength is one ampere, the unit of 
quantity of electricity flows past any point of the circuit in one 
second , this unit is called one coulomb 

The total resistance of a circuit is not only the resistance 
of the avire joining the terminals, but also that of the cell or 
battery, m fact the resistance of the battery', called the internal 
resistance, is frequently much greater than that of the outside 
resistance The internal resistance depends greatly upon the 
liquid used , we can reduce the resistance by enlarging the 
plates, that is, increasing the area of the cross section, or by 
bringing the plates closer to each other, that is, reducing the 
length of the liquid conductor It is thus impossible to give 
exact value for the resistance of a particular cell , the following 
may be used as applyang to ordinary-sized cells — Daniell 4 
or 5 ohms, Bunsen obm. Grove -5^ ohm, Leclanchd ohm. 
Bichromate ohm The EMF of a cell depends upon the 
matenals of the cell and is thus the same for a large or for 
a small cell The EMF of a Daniell cell with plates i ft 
sq IS the same as that of a cell with plates i inch square, 
the larger cell has a smaller resistance and therefore produces 
a stronger current 
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If wc connect cells in series, (see p eoSl the total E M F i\illbe 
the sum of the E M F of each cell The current has to pass through 
each ce'l and therefore the internal resistance vial! increase m the 
same ratio as the E M F If two cells be placed side bj side and 
the zincs connected with thick wire and likewase the coppers, then 
pr>ctic?ll\ one cell is formed wath twace the size of plates (therefore 
half the resistance) , if now terminals be attached to the thick copper 
wares joining the plates w e ha\e cells formed in 7h’ilttple 
E M F IS simpl) that of one cell the resistance is half that of one 
cell 

Exan p^c — F ind the current strength of a single cell, w ith an 
E M F of 2 \olts and a battera resistance of ^ ohm, (<z) when the 
ouiside circuit is a short thick wire (resistance practicallt o), 
when the outside circuit is 100 feet of No 27 pure copper wire 
whose resistance is 4 ohms Find also the effect of two such cells, 
when joined m senes and in multiple arc 

(fl) W ith short thick V ire, total resistance (R) = f ohm E "M F 
\,E) = 2 aolts 

Current from one cell = _ = 2 — f amperes = 4 amperes- 


<■^1 W Ith long thin wire total resistance = -1 ■»-4ohms = - ohms 
EMF = aaolts 

Current from one cell = 2 — s amperes = amperes 


i 

f 

Tvio cells 



W Ith <aiall exterial j 

W Ith large external 



re^is ixici 

res«s^rce 


« 
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i 
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The method of building up a battery for particular purposes 
will be best understood from working similar examples 

Heating effects of the current — (1 ) T/:e conductor Connect 
the terminals of a Gro\ c batterj wath thick copper ware , no effect 
apparentlj is obsera ed Di\ ide the copper w ire, and rejoin the ends 
by a piece of a er> thin iron a are. 
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The iron wire becomes red-hot, and may fuse A piece of 
platinum wire shows a similar effect, but it is more difficult to 
fuse than iron , this method was used in experiments to heat 
platinum wire, m order to show its expansion (p 3) The thick 
copper wire is itself heated , but the increase of temperature 
IS so slight that it is not easily detected The stronger the 
current, and the greater the resistance, the greater will be the 
heating effect 

(2) The cell Not only are the conductors heated but the 
temperature of the cell rises 

When the current is opposed by the resistance, either of the 
external conductor, or of the battery, it loses energy that appears 
as heat , the energy is not absolutely lost, but it ceases to be 
available for work by the current Heat will appear where the 
resistance is greatest if the terminals be joined by a^hort thick 
wire, most of the heat will appear in the battery, if by a long thin 
wire, then most of the heat will appear outside the battery 




The heating effect may be used to raise the temperature of 
liquids 

A spinl of platmum wire surrounds a sensitive thermometer 
inserted in an inverted bottle , the platmum is attached to thick 
copper wire, ending in llTien ss are joined to a Grove 
cell, an increase of temperature is observed (fig 217 ) 


The CviTcnt — The Galvanouictei 


217 


The Incandesceixt Lamp — A tvnsted film of carbon attached 
to platinum wire is inserted in a small glass globe, and the air 
IS exhausted ^^^lcn the current from fortj or fifty Gro\e 
cells IS passed, the carbon is heated to incandescence , the 
resistance of such a lamp when incandescent ^a^es, being 
from 100 to 200 ohms for ordmarj sizes The reason for the 
exhausting of the air is that the carbon may not join with the 
oxygen of the air and be destroyed (fig 218) 

In practice, the current is obtained from a dynamo machine 

Examples III 

1 do you mean by resiMance ’ \\ hat is the unit of resistance ’ 

2 Define electromotii «. force \Mnt is the unit ’ Wliat relation has 
it to difftrcnce of potential ’ 

3 \S nte out Ohm’s law The terminals of two cells, each with an 
E.M F of 1^ aoUs, and a resistance of J ohm, are joined by a long wire 
wnlh a resistance of 20 ohms Find the current strength, when the cells 
arc joined in senes, and in multiple arc 

4- How is it that the poles of a battery arc connected by a long thin ware 
and the battery docs not get so ho’ as when a short thick wire is used 

5 A current flows through a copper wire, which is thicker at one end 
than at the other If there is any diflercncc either (l) in the strength of 
the current, or (a) in the temperature of the two ends of the wire, state 
how they difilr from cacli other, and why 

6 Two Groic cells, alike in all respects eacept that in one the plates 
are twice as far apart as in the other, arc arranged in scries, and the poles 
of the battery so constituted arc united by a copper ware The liquid in 
both cells becomes heated In which is the nsc in temperature the greater, 
and why ’ 

7 How could aou boil water by means of the current from a aoltaic 
battery’ Gne a sketch to caplain the arrangement of apparatus aou 
would use 

S If a plate of copper and a plate of zinc connected by a ware arc dipped 
into dilute sulphunc acid the connecting wire gets hotter when the plates 
are brought nearer together, and cooler if they are separated to a greater 
distance. \\ hy is this ’ 

9 A number of galvanic cells are connected together in a row so as to 
form a battery This row is laid on a table so as to he N and S The 
zinc IS to the N The poles of the battery arc connected together by a 
wire, which passes from one pole, up one wall of a roori, across the ceiling 
and down the opposite wall to the other pole of the battery How will a 
magnetic needle be aflecled which is placed under the table and just below 
the battery ’ 
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CHAPTER III 

ELLCTROIA SIS— ELECTRO MAGNETS 

Electrolysis — Many liquids and fused salts suffer chemical 
decomposition when a current passes through them Tenns 
used — The liquid is generally m a vessel and is called the 

electrol) te The current 
flows from the zinc to the 
platinum or copper in the 
batter}, by the wire to a 
(fig 219) through the 
liquid, and so on to the 
zinc The solid conductor 
A, from which the current 
enters the electrolyte, is called the positive electrode or anode, the 
solid conductor, b, into which the current flows, is called the 
negative electrode or kathode The substances which appear 
at the electrodes are called ions that at a the anion, at b the 
kation 

If the poles from a voltaic battery or cell be dipped into 
pure water, scarcely any effect is observable , the current is un- 
able to pass through the water on account of its great resistance, 
similarly it is unable to flow through the air between the termi- 
nals If now the water be slightly acidulated, a distinct change 
ensues , the addition of the acid has made it a conductor of 
the current The battery begins to work, and if the E M F be 
strong enough bubbles of gas rise from the poles The water 
IS decomposed 

In order to examine the 10ns, we collect the gases that 
collect It each electrode The following is a convenient 
arrangement , — 
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Two pieces of glass tube are drawn out and platinum wires 
inserted (p 1 5) The glass is melted and closes upon the plati- 
num wire, the tubes are then 
bent as in fig 220 Strips 
platinum are placed upon a 
bnck, a wire is placed upon 
each, both intensely heated w ith 
a Bunsen fiame, and then 
smartly tapped witi a ham- 
mer , the ivire and foil are thus 
welded 

Pour mercury into the open 
ends of the tube , then arrange 
as in fig 220, and dip the ter- 
minals from a good Gtoi e cell 
into the mercurj- Im ert a test- 
tube full of water o\ er each 

(1) From the positne elec- 
trode, half the amount of gas 
collects that appears at the 
negatu e electrode If a glowing 
chip be placed m this gas, it 
bursts mto flame , the gas is 
oxjgen 

(2) The gas from the negative electrode is hydrogen , it bums 
■with a colourless flame, and will not support combustion 

"NYe learn by sjmthesis, that water is composed of o'^’gen 
and hydrogen m the proportion of one to two by volume We 
verify this by mixing the gases m this proportion, exploding 
them and obtaming water-'vapour, which condenses to a few 
drops of water 

Electrolysis of metaUio salts m solution — Sulphate of 
copper Dip two platinum electrodes, A B (fig 219), of a battery 
into a solution of copper sulphate The negatii e electrode is soon 
coiered wnth red copper, while a gas, foimd to be o'^gen, rises 
from the positi\ e electrode 

Copper sulphate consists of copper, sulphur, and o'xjgea 
The copper is deposited, and sulphur and ox)gen m combina- 
tion left free They join ■with the water forming sulphunc acid, 
and an excess of o^sygen, that appears at the positii e electrode. 


of 
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Wash the electrode covered with copper m water , then boil 
in dilute nitric acid , the copper will dissolve and leave the plate 
clean 


Acetate of lead (sugar of lead) — Lead, the metal, is de- 
posited upon the negative electrode, while ovjgen is liberated 
at the positive The lead filament bndges 

between the electrodes, and then the elec- 
troljtic action ceases Use lead elec 
trodes, \ b (fig 221) 

Nitrate of stiver — If nitrate of silver 
be similarly treated, silver is deposited 
upon the negative electrode, and ox)gen 
is liberated at the positiv e electrode 

Sulphate of iron and other salts may 
also be used for experimental purposes , 
in all cases the metal (in case of acids the 
hydrogen) is deposited or liberated at the negative electrode. 

The elements given off at the positive electrode are called 
electro-negative elements, those from the negative electrode are 
called electro-positive elements 

In the following table the common elements are arranged, 
beginning at the most electro-negative 


Oxygen 

Gold 

Lead 

Sulphur 

Platinum 

Iron 

Chlonne 

Mercury 

Zinc 

Phosphorus 

Silver 

Sodium 

Carbon 

Copper 

Potassium 

Hydrogen 

Tin 




The salts of the least electro-negative elements, potassium 
and sodium, act differently the metal does not appear on the 
electrode, it combines wnth water, forms an alkali, and hydrogen 

15 liberated 

Electro-chemical equivalent — strong current after de- 
composing water, as in fig 220, might pass in turn through a 
solution of the various salts The amount of the tons can be 
collected and weighed If 2 grams of hydrogen be liberated, 

16 grams of oxygen will be liberated, 63 grams of copper, 207 
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grams of lead, and 216 grams of silver To effect the deposition 
of each of these amounts of the metals, 65 grams of zinc will 
be consumed in the batterj' These numbers are 111 the same 
ratio as the chemical equivalents of the metals 

Electroplating — In the electrolysis of the metallic salts 
examined, it is evident that the solution ultimately is weakened 
vhen platinum electrodes are used , thus, in the case of copper 
sulphate, the copper deposits on the negative electrode, while 
the solution becomes a mixture of sulphuric acid and copper 
sulphate By making the positive electrode of copper instead 
of platinum, the strength is kept constant The copper is 
gradually eaten ai\ay, and the negative electrode with any 
suitable conductor becomes covered with a film of the metal 
Advantage is taken of this in electrotyping and electroplatmg 
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The commonest form is to cover white metal or German silver 
With a covering of silver The article (say a silver fork) is thoroughly 
cleaned, to remove fatty matter and dirt It is attached to the 
negative electrode of a battery, the electrolyte being a solu- 
tion of silver, generally cyanide of silver The positive electrode 
IS a piece of silver, that is gradually eaten away, and serves a 
similar purpose as the copper plate (fig 222) 

Electrotyping a mould of the object (say a coin) is taken in 
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guttapei cha or plaster of Pans, both non-conductmg substances To 

make the surfaces conductors, 
they are brushed carefully \\ ith 
graphite (fig 223) The mould 
IS then attached to the zinc end 
of a voltaic cell, a copper plate 
being attached to the copper 
plate of the cell The copper 
plate and the mould are placed 
m a solution of copper sulphate 
The mould becomes covered with 
a coating of copper , when sufifi- 
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ciently thick the mould is removed, and a casting taken in type- 
metal 

Examples IV 


1 Desciibe some experiment to prove that when the terminals of a 
voltaic battery are connected by a wire, the battery itself is traversed by 
an electnc currrent 

2 You have access to the terminal wires made of copper of a hidden 
battery Explain how you would tell which wire was connected with the 
zinc and which with the platinum pole of the battery, by observing what 
happens when the ends of the wires are dipped at the same time into a 
solution of copper sulphate 

3 How w ould you arrange an expenment for the decomposition of w ater 
by an electnc current ’ Giv e a sketch of the arrangement, and show where 
the different components of the water would be separated 

4 A piece of zinc and a piece of copper are each carefully weighed , they 
arc then connected by a copper wire, and dipped side by side into dilute 
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sulphuric icid, conliincd m in cirthcnwire jir After, nj, half an hour 
the pieces of zinc ind copper ire liken out, wished ind dried ind weiglicil 
agiin Would the weights be the sitne is it first’ if not, how, and wh}, 
would the} difilr’ 

5 \ number of cells formed of plitesof zinc and plitinum immersed in 
dilute sulphuric icid, ire to be connected in 1 circuit, so tint the plitinum 
of each cell is in conlict w ith the zinc of the next Whit effect, if inj , 
would be produced on the current if, b) mist ike, one cell wis mide up 
with two platinums instcid of with one platinum ind one zinc ’ 

6 The current from 1 \ oltiic biUcrj is pissed it the same time through 
a thin wire ind through dilute sulphunc acid, connected in series Whit 
will Inppcn to the wire, ind to the dilute icid , ind whit chingc (if inj) 
will be produced in cich cisc, bj resersmg the bittcrj connections, so is 
to alter the direction of the current through the wire ind liquid’ 

7 \\ hat iltenlion is nude in the current from 1 cell (i ) bj incrcising the 
size of the plitcs, (2) bj bringing them ncircr together, (3) b} shortening 
the connecting wire ’ 

S A piece of plilmum is to be coifed w ith co]>per b) the help of 1 s olliic 
bitter) Describe some irnngcmcnt tint might be cmplo)cd for this 
purpose 

9 riilcs of copper ind plitinum ire dipped into 1 solution of copper 
sulphite Whit cdccts ire produced upon them if 1 current is pissed 
through the liquid from copper to plitinum ’ 

10 Two copper wires, one connected with one tcrmmil of 1 voltiic 
bitter) and the other connected w ith the other tcrmmil, diji side b) side, 
but w ithoiit touching cich other, into 1 solution of sulphite of copper What 
hippens to the immersed pirt of cich wire ’ 


Telegraphy — If the wire from a bittery n (fig 224), after 
Irasersing a distincc, be doubled so as to surround a magnetic 
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needle and form a galvanoscope, then before the circuit is closed 
the needle w-ill be at rest, being acted upon only by the earth’s 
luagnetism The terminals « w ill be at different potentials , 
on closing the circuit and breaking it at the E M F sends 
a temporary current flowing m the direction of the arrows, 
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the needle moves and its motion maybe observed This is the 
pnnciple of telegraphy , if the operator again joins a b another 
motion of the needle takes place 

It was soon found, that the return wire was unnecessary, 
the earth being a sufficiently good conductor for the return 
current , thus the wire betiveen cu and c might be removed, 
the ends being inserted in the earth (See also fig 227 ) 

For the purposes of signallmg it is convenient to have the 
power of turning the needle either to the right or left— that is, 
It must be possible to cause the current to pass from the 
operative instrument, by the line to the receiving instrument 
and back by the earth, or to travel by earth and back through 
the line 

This reversal of the current is attained by the commutator 
KEY (fig 225) 



c and z are stnps of metal, connected respectively with the 
copper and zinc plates of a batteiy 2 is above c , e Ld L are 
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tw o metallic spnngs called ‘ tappers,’ fixed at E and L , they 
ordinarily press against 2 L is connected with the telegraph line, 
that passes round the galvanoscope , E is connected to earth , there 
being ordinarily no connection betw cen z and c, no current passes 
If now the spring L be depressed, so as to make connection with c, 
the current flow's from C, tlirough L, and then to the galvanoscope, 
whose needle swings m one direction If, on the contrary, E be de- 
pressed, the current flows by E to earth, to the gahanoscopc, and 
back through the line to L , the needle then sw mgs m the opposite 
direction By noting the combination of right and left swings, the 
operator reads the message (See alphabet fig 226 ) 

The Single Needle Instrument — A front view of the in- 
strument IS given , the tappers are seen in elevation (fig 226) 
1 he steel indicator on the dial is parallel to, and moves upon 
the same axis as the magnet of the galvanometer, situated be- 
hind the dial 

A Telegfraph circuit — At each station (fig 227), the zme of 
the battery is connected with the galvanometer and also with 



EiG S27 

the earth , the copper pole is joined to a free w ire Keys, d d' 
permanently connected with the telegraph line, can be joined 
at will, either with the instruments or with the free copper ter- 
minals , when no message passes they are connected with the 

Q 
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instrument as at d' In order to send a signal, the operator at 
station A depresses his key d , the current flows from z to c at a, 
along the line, through the receiving instrument at station b, to 
earth, and back to the battery at a The clerk at station B reads 
from the receiving instrument With the simple keys d and d' 
the needle would only swing to one side , in the smgle needle 
instrument, D and d' are replaced by commutator-keys (fig 225 ) 

Magnetic field due to a current — Dip the wire through 
which a current is passing, into iron filings The filings cling to 
It When the circuit is broken the filings drop off (fig 228) 
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The filings have been magnetised by induction If we pass 
the wire through a hole in glass at right angles, and sprinkle iron 
filings upon the glass, the filings arrange themselves in circle , 
they act as if they were in a magnetic field (fig 229) 






Flc a3a 




Imagine that a swimmer enters at a (fig 230), dives into the 
hole m the direction of the current, and looks at each small 
magnet in turn , then the north-seeking pole will always be at 
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his left hand ^ the north-seeking pole is marked with an arrow 
This IS of course applying Ampere’s rule (p 210I 

Spirals or Helixes — A right-handed spiral or helix is formed 
by holding a tube upright, and coiling downward from nght to 
left (a, fig 231) In the left-hand spiral or helix the tube is held 
m a similar position, but the coiling is from left to nght as you 
look at It, B 

Effect of the current on soft iron — The inductive effect of 
a current acts also upon any mass of soft iron Wrap insulated 
copper wire round a bar of soft iron (a poker) from end to end in 
a right-handed spiral Attach the ends of the wire to the terminals 
of a battery Hold nails or iron filings to the ends of the bar, and 
prove that it is magnetised Hold the compass-needle near each 
end , one end is north-seeking, the other south-seeking Mark them 
Disconnect the battery , the iron at once loses its magnetism 
Notice where the current enters the helix , imagine your man 
swimming with the current, then deduce which end should be the 
north-seeking pole of the soft iron Reverse the battery connections 
Now test the polarity of the bar , it is reversed, 
but It agrees with Ampere’s rule 

If after wrapping the covered copper wire 
lound the bar of soft iron fiom end to end in a 
right-handed spiral, we continue wrapping in a 
right-handed spiral and return to the end at 
which we began, so as to have two layers of 
the wire, we shall find, on connecting the ends 
of the wire with the terminals of the battery, 
that the magnetisation of the iron bar is greater 
than when there was only one layer of wire If 
the second layer oe wrapped m a left-handed 
spiral, the magnetisation of the bar is less than 
when one layer was used (it is assumed that 
there is the same number of turns from end to 
end in each case) , m fact, by a little adjustment, 
the magnetisation produced by the current in 
the first layer can be neutralised by that pro- 
duced by the current in the second layer 
An Electro-Magnet — Bend a bar of soft 
iron in the form of a horse-shoe (or take a horse-shoe) and cover 
It with insulated wire, wrapping from end to end until there are 

Q 2 
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two or three layers of wire Remember to wind continuously in 
one kind of helix Test the polarity of the electro-magnet , notice 
Its effect on nails held near it 



Fig 333 


The soft iron is only magnetised as 
long as the current passes reminding 
us of the magnetisation of a bar of soft 
iron by the induction of a magnet 
The piece of soft iron placed across 
the ends is the armature , it becomes 
magnetic by induction The electro- 
magnet IS able to support a consider- 
able weight 

Use steel instead of soft iron , the 
current must pass some time before 
good effects are obtained, but when 
the current ceases the steel retains its 
magnetism 


An electric magnet forms an excellent 
means of magnetising magnets (fig 233) It is only necessary to 
draw the bai of steel from one end to the other, repeating the opera- 
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tion several times on 
both sides If we rub 
the north - seeking 
pole, the end of the 
steel last rubbed will 
be a south - seeking 
pole 

Se La Eive’s 
Floating^ Battery 
— ^This battery illus- 
trates the fact that 
not only does a 
coiled wire through 
which a current is 
flowing, magnetise 


also acts itself as a magnet (fig 234) 


a bar, but that it 


♦x X J® passed through a circular piece of wood, A In 

‘'‘“ached to the sides 

of a crosspiece of wood A coil of thick insulated wire is made 
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and the ends attached, one to the copper and one to the zinc The 
beaker is nearly filled with dilute sulphuric acid, the current passed 
through the coil 

If we look at that end of the small coil, in which the 
current is floivmg like the hands of a clock, that end will act 


like the south-seeking 
pole, this we may de- ^ 
duce by considenng 
Ampere’s rule Pre- 
sent the south-seeking 
pole of a magnet to 
that end, the floating 



battery is repelled, and 


Tie 23S 


IS attracted by the north-seeking pole 


Wrap a covered copper vnre into a heh\, bring the ends round 
inside the heli\ to the middle Fasten one end to a piece of zinc, 
the other to a piece of copper , pass both plates through a piece 


of cork Float all in dilute sulphunc 
acid Venfy the names of the poles 
(fig 235) 

If the current be strong enough, 
the spiral will set in the magnetic 
meridian 

The Electric Bell — ^The bell con- 
sists of a simple gong, x, and a horse- 
shoe-shaped bar of soft iron, round 
which is coiled insulated copper wire 
The electro-magnet is retained in its 
place by the bar E The armature 
of soft iron, a, carries the hammer, P 
a IS attached to its metallic support 
by a spring that keeps it pressed 
against another spring, c 

The current enters by the bmd- 
ing-screw in, and passes round the 



coils , It leaves the electro-magnet. 


Fig 236 


proceeds to the metallic attachment of a, along a to the 
spnng c, thence to the bmding-screw n, and on to the batteiy 
The circuit is complete 
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The current magnetises the electro-magnet, this attracts 
the armature c, causing the hammer to strike the bell The 
connection between a and c is then broken, and the current 
ceases , the soft iron electro-magnet is no longer magnetised, 
and therefore ceases to attract a, which, on account of the 
action of the spring, returns to its normal position, and thus 
makes contact with c again , then the process is repeated 
A single Leclanche cell is sufficient for a small bell 
Enctional and Voltaic Electricity — The same terms have 
been used m describing the two forms of electrification They 
are one and the same kind of electrification , the student will 
have observed that they produce similar effects The heating, 
magnetic, and electrolytic effects obtained from the voltaic battery, 
can in a less degree be obtained from frictional electricity 

I Heating Effect — Press a small stnp of tmfoil between 
two plates of glass, connect one end of the tinfoil to earth, and pre- 
sent the other to the prime conductor of a good fnctional machine 

The current passes through the foil 
and fuses it 

2 Magnetic Effect —Twist a 
piece of covered w ire into a spiral A 
(fig 237), rest It on a support and affix a 
knob to each end, insert a small 
needle sn in the spiral, connect one 
end of the spiral to the outer coating 
of a positn ely charged Leyden jar, and 
bnng the other end to the knob , dis- 
charge the jar several times The 
needle becomes magnetised, the polanty being the same as would 
be produced by a current flowing in the direction of the discharge. 
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on a sheet of glass, and placing a needle across it (fig 238), connect 
one end of the tinfoil to earth, the other to tlie prime conductor, 
and work the machine , the needle becomes magnetised , the near 
end being a S seeking pole (sec Amperes Rule) 

3 Eii*crROL\Tlc EFrnci —Paste two pieces of tinfoil on a 
sheet of glass, about one inch apart , connect one to earth, the 
other to the prime conductor of a machine bj a damp stnng 
Midwaj between the pieces of foil place a drop of copper sulphate, 
bend two pieces of platinum ware, so that each will rest upon one 
piece of foil and dip into the copper sulphate On working the 
machine, the piece connected to earth becomes coated w ith copper 

The electric discharges, accompanied by sparks, can also 
be obtained from the \ oltaic cdl 

Wrap one terminal of a Grove, Bunsen, or Bichromate cell 
around a file, draw the other terminal along the file Connection 
IS rapid!) made and broken, and a number of scintillations are 
seen 

The electncit) from a frictional machine is at a high poten- 
tial and can overcome tlie resistance offered by air, but the 
quantity produced is small Farada) said that the amount of 
clectricitj in a lightning flash was less than the amount neces- 
sary to decompose a drop of vvatcr The v oltaic cell supplies a 
large quantity of electnciiy, but the difference of potential be- 
tween the terminals is small, the current is therefore unable to 
overcome a great resistance such as air Mr De la Rue, by 
using i,oSo chloride of silver cells (E M F slightly higher than 
a Daniell cell), could only obtain in air a spark of 004 inch , and 
with 11,000 such cells could only obtain a spark of siv-tenths 
of an inch it is only by using powerful batteries that Leyden 
jars can be charged , an ordinary cell has no appreciable effect 
upon a gold-leaf electroscope 

We may compare frictional electricity to a small quantity of 
water, raised considerably above the sea-level (high potential). 
It falls as a w hole and produces stnking effects but can do but 
little work Current electricity we may compare to the current 
of water flowing from a large lake slightly raised abov'e the sea- 
level , it can fill large cisterns and can do a large amount of 
work as it flows to the sea. 
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Examples V 

1 How IS It th-it iron filings sprinkled over a copper wire along which 
an electnc current is passing stick to the wire’ 

2 What happens to a fixed bar of soft iron if the current from the 
platinum pole of a battery passes above it and at nght angles to it ’ 

3 A long copper wire co\ ered with silk is w ound several times round an 
iron rod On connecting the ends of the wire one with each termmal of 
a Darnell’s battery, the iron rod becomes a magnet How does the 
direction of magnetisation of the iron (or position of its north and south 
seeking poles) depend upon how the copper wire is wound, and which end 
of It IS connected with the copper end of the battery ’ Give a drawing 

4 A guttapercha covered wire is wound round a wooden cylinder, A B, 
from A to B How would you wind it back from B to a (i) so as to in 
crease, (2) so as to dimmish, the magnetic effects which it produces when a 
current is passed through ? Illustrate your answer by a diagram drawn on 
the assumption that you are looking at the end, B 

5 An insulated copper wire is wound round a glass tube, A B, from end 
to end, and a current is sent through it, which to an observer looking at 
the end A appears to go round m the same direction as the hands of a 
watch A rod of soft iron is held (i) inside the tube, (2) outside, but 
parallel to the tube What will be the magnetic pole at that end of the 
bat which is nearest to the observer in each case’ 

6 Two copper wires connected, one with the zinc end and the other with 
the platinum end of a voltaic battery, but not connected with each other, 
are brought near a piece of sealing w ax that has been rubbed with flannel 
and then nicely balanced on a pomt Would the wires differ in any way 
in their action on the sealing w ax ’ If so, how ’ and why ’ 

7 A piece of copper w ire is w rapped spirally round a ruler from end to 
end, and the ruler is hung honzontally so that it can turn about its centre 
while a current is passing through the wire How can you tell, by using 
a bar magnet, in which direction the current is passing ’ 

8 A piece of copper and a piece of zinc are put side by side into a vessel 
of dilute sulphuric acid What takes place in the vessel when the copper 
and zinc are joined by a metal wire, and what new properties does the 
wire gam, different from what it had before’ 

9 Describe and explain anj workable experiment to prove that the 
terminals of a galvanic battery differ electncally m the same way as 
the conductors and rubber of an electncal machine at work, out to a 
less extent 
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SCIEN'CE AND ART DEPARTMENT 

ALTER>ATnE ELEMENT AR\ PH^SICS 

Ma\, 1SS9 

\o-- are no permi'tcd to aUemp more than et~J ' quesaons, and of 
these *10* tpo-e than lu ' m-’j be selected from anv one subject 

The a alee att'':hed to each quc* ion is the same 

SOLXD 

I A gun 1^ fired on a co'i winters daj at a certain ou-tance from an 
obseraer, aaho hears the report fiae 't-conds after seeing the flash Would 
the inter al between seeing the f aih ard hearing the so ind haac been the 
same on a ho* daa in summer’ Giac reasons for jour answer 

a Dc-rnbe ar instrument bj which the puch of the notes emittc b} 
twovnorating stnngs maa bccompared If thej arerc difit.rtnt, how aaoulo 
jou aticinpi. to bring them into urison’ 

LIGHT 

3 IMiat is meant b the laav of inaersc squares as applied to light’ 
How la the law applied m comparing the intensities of two sources of 
Ignt’ 

*!• Dfi^rifae and explain the ailT.rence of the effects obseraed when 
the sun scis oacr a smooth lake or sea, according as the water u (1} ab^o 
lately siroo’Ji, or (2) coatred an h npplca 

^ 5 The shadoaa of n rea hot p oker is cast on a avhite screen bj means 
o a hmc lignt lantern Explain the smol j appearance on the screen just 
above the shauow 
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BEAT 

6 To what reading on a Fahrenhei* thermometer does 28° C corre 
spend ’ Why is it necessary to read the barometer when determining the 
boiling point of a thermometer ’ 

7 How IS the climate of the Bntish Isles affected by the high capacity 
for heat of water ’ 

8 Two copper balls of the same weight, and raised to the same tern 
perature, are laid, the one on a cake of slowly melting ice and the 
other on a cake of wa\ The latter sinks in the more deepl} AVhat 
inference would you draw from this ? 

MAGNETISM 

9 A rod of iron and a rod of steel are stroked in succession with one 
of the poles of a bar magnet How do the iron and steel rods respectively 
affect a compass needle when brought near to it ’ 

10 How do (1) a dipping needle, (2) a compass needle, behave at the 
magnetic poles of the earth ? 

FRICTIONAL ELECTRICITY 

11 A certain substance becomes electrified when it 15 rubbed with a 
silk handkerchief How would you determine whether its electrification 
IS positive or negative ? 

— 12 A glass rod which has been rubbed with amalgamed silk is held 
near to an insulated metal ball, and the side of the ball nearest to the 
glass momentarily touched, after which the glass rod is removed "Describe 
and explain the effect of each step in the expenment 

13 Describe the construction of a simple form of electrical machine 

VOLTAIC ELECTRICITY 

14 A vertical wire, down which an electric current is flowing, is held 
(I) due east, (2) due south of a small compass needle How is the needle 
affected in each case ’ 

15 A delicate thermometer is immersed m dilute acid into which 
plates of zinc and copper are dipped When the plates are connected by 
a copper wire, the temperature of the liquid rises Why is this ’ 

16 Give a general explanation of the method of sending a telegraphic 
message 
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May \ 1890 

You ire no' permitted to attempt more than aght questions, ol which 
e»e must be token from coch of the following subjects, but not more thon 
/r questions moj beonswered in cither of the Groups ( V) Sound, Light, 
and Heot, or ( 11 ) ^Io^nctlsm ond Lltctncily 


Group A 
SOUND 

I A street with houses on both sides runs north ond south, and a 
church is situated o little distance to the cost of it As I walk down the 
eastern side of the street, the sound from o peal of bells m the church tower 
seems to come from the west Eoploin this, draw ing o diagram to illustrate 
jour answer 

s. A and E arc two wires of the same motcnal and thickness A is 
tiro feet long ond is stretdicd bj a weight of pounds B is four feet 
long and stretched bj a weight of 34 pounds How arc the notes which 
the wires jield when struck related to each other? 

LIGHT 

3 Shadoi -> ol on opaque rod arc cast upon a screen at the same time 

0 candle and o gas flame, the positions of which arc adjusted so that the 

shadows arc of equal depth Pro\c that under these circumstances the 
illuminating powers of the candle ond gas flame arc dircctlj as the squares 
of their distances from the screen 

4 How would jou render aisiblt an image of the sun fonned by a 
concai e spherical mirror ? 

Is the image real or \irlual ? 

5 A ribbon purchased bj gas light appeared to match the dress with 
which it was to be worn Next morning the match appeared \eiy im- 
perfect Explain this 


, HEAT 

d If an iron wire be fused into a glass tube, the lube gcnerallj cracks 
on cooling , this is not the case if platinum wire be used instead of iron 
Explain the diflcrcncc 

7 Two beakers contain, the one a pound of ice-cold mercury, the other 
a pound of ice cold water Into each a pound of boiling water is poured, 
and the mixture in both cases well stirred In which will the final 
temperature be the higher? Gi%e reasons for your answer 
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8 A long coiled tube is pHccd in a ^b.of i\atcr, the two ends being 
outside the tub If you wished to heat the w-itcr in the tub is quickly as 
possible, would it be better to allow water at the boiling point, or steam 
at the sime temperature, to flow through the tube’ Give reasons for jour 
answer 


Group B 

MAGNETISM 

9 Desenbe the behaviour of a dip needle as it is carried from the 
neighbourhood of the north to that of the south pole of the earth 

10 In what positions should 1 poker be held so that, when struck bj a 
hammer, (i) its knob may exhibit strong north polantj, (2) it may exhibit 
no polarity ? 

* FRICTIONAL ELECTRICITY 

11 A rod of sulphur is rubbed with flannel and then placed m a stirrup 
and hung up by a thread Explain the behaviour of the sulphur when the 
hand is brought near to it 

12 A piece of sealing wax is rubbed with flannel which is held by 
India rubber gloves The wax and flannel are placed on two separate 
electroscopes, which are then connected by an insulated metal wire 
Describe and explain tlie behaviour of the leaves 

13 An insulated electniied ball is connected with an electroscope by a 
long wire, and the leaves diverge The ball is then mo\ed to another 
position, Its connection with the electroscope being maintained by means 
of the wire How would you decide whether the ball has undergone any 
change of potential ? Give reasons for your answ er 


VOLTAIC ELECTRICITY 

14 Explam how you would decompose acidulated water by an electnc 
current, and illustrate your explanation by a simple picture 

15 A poker is to be converted into a magnet by passing a current 
through an insulated coil of wire wound on it How should the wire be 
wound, and the current directed, that the knob may be a north pole? 

16 Desenbe a simple form of electnc bell 
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May, 1891 
Group A 
SOUND 

1 Describe an experiment to illustrate, in a room, the law of the 
reflection of sound Give a drawing to show the arrangement of your 
apparatus 

2 Explain clearly what you mean by wave-length, amplitude of vibra- 
hratton, and wave of rarefaction 


LIGHT 

3 How would jou make and use a pm-hole camera ? 

4 A com is placed at the bottom of a basin resting on a table An 
observer, in a fixed position a few yards off, can see the coin when the 
basm IS full of water, but can no longer do so when the water is removed, 
the coin and basin remaining exactly as before Explain this 

5 Under what conditions will (x) a convex lens, (2) a concave mirror, 
produce real and virtual images respectively ? 


HEAT 

6 Two equal flasks are fitted with corks through which glass tubes 
pass The flasks are filled respectively xvith water and alcohol, and the 
corks are pushed in until the liquid stands at the same height in each, the 
temperature being 20° C Compare the behaviour of the two liquids as the 
temperature falls to 0° C. 

-"t E xpla mjhe action of a Davy safety lamp 
8 Two vessels contain, the one two pounds of ice cold water, the other 
one pound of water and one pound of ice Which will boil the sooner if 
they are subjected to the action of equal sources of heat? Give reasons for 
your answer 


Group B 
uVAGNETIShl 

9 A rod of steel, A B, is magnetized by bringing the north poles of two 
precisely similar magnets to a point C on the rod which is nearer to B than 
to A, and drauing them in opposite direcbons to A and B In what 
direction ivill A point when the magnet is suspended as a compass needle? 
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10 How will *1 dipping needle set itself -it the magnetic equator when 
the instrument is turned so that the plane of motion of the needle is per- 
pendicular to the magnetic mendian? 


FRICTIONAL ELECTRICITY 

11 A brass rod, after it has been insulated and rubbed with a piece of 
silk, IS placed on the plate of a gold leaf electroscope The leaves diverge 
The divergence increases when a warm glass rod, rubbed with sealskin, is 
brought near to the electroscope What inference can be drawn as to the 
sign of the clectnfication of the brass 

12 Hair when brushed in dry weather is sometimes beard to crackle 
Why IS this, and whj is the phenomenon onlj observed when the weather 
IS dry? 

13 Given a positively charged bodj, explain how }ou could charge an 
electroscope by it with either positive or negative electricity 

VOLTAIC ELECTRICITY 

14 The copper wires connected with a voltaic battery dip into a solu- 
tion of copper sulphate State how the liquid and the copper wires arc 
affected by the passage of the current 

1 5 How would you make an electromagnet, and how would j ou know , 
before a current was passed, which end would be a north pole^ 

16 A covered copper wire is coiled into a spiral and its ends are brought 
through a cork and attached to pieces of zinc and copper respectively 
Desenbe the behaviour of the spiral if the arrangement be made to float m 
a vessel of dilute sulphuric acid, so that the axis of the spiral is horizontal, 
and that the plates of zinc and copper are immersed in the acid 


May, 1892 
Group A 
SOUND 

1 What IS meant by an octave in music ? Describe an experiment by 
means of which you could determine the relation between the number of 
vibrations per second which correspond to a note and to its upper octave 
respectively 

2 Desenbe and explain the phenomena observed in a whisnerin?- 
galleiy 
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LIGHT 

3 A cnndle flame is placed on one side of m opaque screen m ^\hIch 
there is a ^mall hole Explain — and illustrate jour explanation by a 
diagram — wh} it is that if a piece of white paper be held on the other side 
of the screen an image of the candle is seen on it 

Is the result affected bj (1) the shape, {2) the size of the hole? 

4 If the middle of a xcrtical post is looked at through a stnp of plate 
glass, which is inclined to the line drawn from the eje to the post, the 
part «een through the glass appears to be separated sidewajs from the rest 
of the port IIoiv do jou explain Uiis* Indicate the course of a raj on a 
sectional diagram 

5 A sm”!! object, such as an arrow, is placed a little to one side of a 
large plane mirror Show how to determine, bj a gcometncal construc- 
tion, within what region the c% e of an observer must be placed in order 
that he may see the whole of the arrow reflected in the mirror Giiea 
sketch indicating the position of the arrow thus 'cen 

HEAT 

6 The normal temperature of the human bodj is 9S 4® F \Miat is it 
on the Centigrade scale’ At what temperature will the readings of a 
Centigrade and a Fahrenheit thermometer be the same ’ 

7 Can lukew arm water be made to boil w ithout heating it ’ If so, 
describe and explain the process 

S Two equal spheres made of lead and brass respecUvelj are taken out 
of hot oil, in which thei haic been for a long time, and arc placed on a 
cake of wax. Explain cxactlj whj the brass melts its waj first through 
the cake. 


Group B 
M 4 GXETISM 

9 An unmagnetized strip of steel is carcfullj balanced on a needle 
point so that it is free to rotate in a honzontal plane. It is then taken off 
its pivot and magnetized Describe how the magnetization would be 
performed, and describe the behaviour of the needle when replaced on its 
piioL 

to Seieral bar magnets are placed on a table How would jou use a 
card and iron filings to determine how to place a nail, Ij mg honzontallj 
on the table with its centre at a gwen point, so that it may acquire (l) the 
stgest, (2) the smallest possible amount of magnetism by induction ? 
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FRICTIONAL ELECTRICITY 

1 1 Descnbe and sketch a simple fnctional electrical machine 

12 Descnbe a proof-plane and its use 

A positively charged sphere is held a few inches above a table, and the 
table IS then tested for electricity %vith a proof plane Would >ou expect 
to find any? If so, which kind? 

13 A positively charged sphere is held a few inches from another 
insulated sphere previously uncharged An observer’s knuckle is now 
brought so as nearly to touch this second sphere, and a spark passes 

Will the character and strength of the spark depend on the part of the 
sphere to which the knuckle is presented ? 


VOLTAIC ELECTRICITY 

14 A pair of binding screws attached to a table are known to be con 
nected by wires with the poles of a voltaic battery in the cellar How will 
you, without leaving the room in which the table is placed, ascertain which 
of the screws IS attached to the copper and which to the zinc terminal , any 
materials you like being supplied ? 

15 A current is passed across two glass vessels, containing solutions of 
nitrate of silver and acetate of lead (sugar of lead) respectively, by means 
of platinum stnps dipping into the two vessels Describe the appearance 
on each of the four platinum strips, calling them a, b, c, d, and making 
the current flow from one to the other in the order in which their letters 
occur in the alphabet, beginning wnth the vessel containing nitrate of 
silver 

16 Explain generally the electncal principles involved m the trans- 
mission of a telegraphic message from one place to another 


May, 1893 
Group A 
SOUND 

1 Explain why the voice can be heard at a greater distance if a 
speaking trumpet is used 

2 A flash of lightning is seen to strike a church spire two miles off, and 
9} seconds afterwards the thunder is heard Calculate the \ elocity of sound 
in this cose ^^h^t inference would you draw as to the temperature of 
the air? 
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LIGHr 

3 What IS meant hy the law of the inverse square ? Show how the 
law IS made use of m comparing two sources of light by Rumford’s 
photometer 

4 How may it be shoivn that white light is composite ? And how do 
you account for the different colours exhibited by a body when different 
coloured hghts are allowed to fall upon it? 

5 It is noticed that two groups of clouds become bnghtly illuminated 
after sunset, but that the colours have almost faded from the one ^vhen the 
other is at its brightest What inference would you draw as to the relative 
heights of the clouds ? Illustrate your answer by a diagram 

HEAT 

6 Describe and explam the process by which a thermometer tube is 
filled with mercury to the exclusion of air 

7 You are given two strips of different metals, each about one foot 
long How will you find out, supposing that you have no measunng 
instruments, whether they expand equally when heated, and if not, which 
is the more expansible ? 

To a pound of boiling water is added a pound of either ice, or ice cold 
water, or ]ce*cold lead Will there be any difference in the resulting 
temperatures? Give reasons for your answer 


Group B 
MAGNETISM 

9 A piece of cardboard is placed horizontally over a horseshoe magnet 
l}mg on the table, and iron filings are spnnkledover the card Draw a 
picture showing how the filings arrange themselves when the card is lightl} 
tapped 

10 Explam why a compass needle returns to a particular position when 
momentarily deflected therefrom, ^and describe an experiment that 
illustrates your explanation 


FRICTIONAL ELECTRICITY 

II How would you show that brass is capable of electrification on 
being rubbed with fur? and how would you find out the sign of the 
resulting electrification? 

R 
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12 If a rod of sealing wix is rubbed with a piece of flannel, the leaves 
of an electroscope diverge when either the wax or the flannel is separately 
brought near to it, but not if the wax and flannel are presented to it 
together before being separated What conclusions do you draw from this ? 

13 A gold-leaf electroscope is placed upon an insulated brass plate 
When the plate is electrified, will the leaves of the electroscope show any 
divergence ? Give reasons for your answer 


VOLTAIC ELECTRICITY 

14 A long platinum wire is tightly stretched between two glass 
supports Explain why the note which it gives when in vibration ivill be 
lowered when its ends are joined to the poles of a battery 

15 Describe a simple form of electric bell 

16 Two strips of lead connected with the poles of a battery dip into a 
solution of lead acetate How are the liquid and the lead strips affected ? 


May, 1894 

Instructions 

You are not permitted to attempt more than eight questions, of which 
not more than four may be answered in either of the Groups (A) or (B) 
Further, in no one Section of a Group may three questions be attempted, 
and in only one Section of each Group may two questions be attempted 


Group A 

SECTION I— SOUND 

1 Describe an experiment to prove that sound can be reflected from 
a layer of hot gas 

2 Two precisely similar stnngs, A and B, are stretched by equal 
weights, and of course give the same note when plucked If the weight 
attached to A is doubled and the length of B is halved, how must the 
weight attached to B be altered to make it give the same note as A? 


SECTION II— LIGHT 

3 The illumination produced by a candle vanes inverselj as the 
square of the distance of the illuminated object from it Explain this 
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4 Expliin, vnth the -ud of i diagram, the arrangement of the lenses 
m -m -atronomical refracting telescope If the telescope is so arranpd 
that parallel raj-s which fall upon the ohject-glass ore also parallel when 
thej emerge from the eje piece, trace the paths of two such rajs which 
fall upon the object gloss on opposite sides of the axis of the telescope 

5 The flame of a Bunsen burner is made jellow bj sprinkling common 
salt on it how will the flame appear when viewed through a glass cell 
containing a solution of copper sulphate? Giv e reasons for your answ er 

SECT /0 A' III —//EA T 

6 How would jou show that turpentine has a higher specific heat 
than mercuiy ? 

7 Desenbe an expenment to show that the principal gases arc ncarlj 
cquallj expansible bj heat 

S The fixed points of a mercurial thermometer were determined b> 
dipping ihe bulb into 

(1) A mixture of ice and water, 

(2) Boiling water 

It was afterwards found that the ice and water used m both experiments 
contained a little salt How were the positions of the fixed points affected 
bj this impuntj ? 


Group B 

sect/ojY /—magnetism 

9 \ou are supplied with a steel bar, but with nothing else containing 
iron How can you test if the bar is magnetized, and how from jour 
observations can jou conclude that, if it is magnetized, its ends possess 
different magnetic properties’ 

10 A soft iron rod, A B, is held in a vertical position, the lower end, 
B, being close to some iron filings No effect is produced, but when one 
pole of a magnet is brought near to A, the filings arc attracted by B 
Explain this 

SECTION II —FRICTIONAL ELECTRICITY 

11 How would you proceed to prove that positive and negative 
electricity arc always produced together and in equal amounts? 

12 When an electrified gloss rod is held over some paper which has 
been cut up into small bits, the paper jumps up to the glass, and some of 
It remains sticking to it But when the glass rod is brought near to a 
gilt pith ball suspended b> silk, the latter after contact is immediately 
repelled Explain the opposite behaviour of the pith ball and paper 

R 2 
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13 A rod of glass is coated, from the middle to one end, with a thick 
layer of shellac varnish how and why will its properties as an insulator 
be affected? If it is well dried and rubbed with fur, will the two haUes 
be electrified in the same way ? 

SECTION III —VOLTAIC ELECTRICITY 

14 Describe in detail an electrical experiment by which it may be 
proved that water can be broken up into two gases 

15 How would you show that the heat developed m a wire during the 
passive of a current is generated in the wire itself, and is not merely pro- 
duced in the battery, and conveyed to the wire by conduction ? 

16 What IS an electromagnet? Describe a method of using an 
electro magnet in an apparatus for the transmission of telegrapliic messages 

May ^ 1895 
Group A 

SECTION I —SOUND 

1 How would you show that the motions of matter by which sound is 
propagated are only vibratory, and not progressive ? 

2 Describe an experiment to determine what change takes place in 
the number of vibrations per second when the pitch of a musical note rises 
through an octave 

SLCTJDN-lI^IGJIl 

3 How would you arrange an experiment to prove that the paths of a 
ray of light before and after reflection at a plane mirror make equal angles 
with the mirror ? 

4 The horizon is looked at from the deck of a ship in mid ocean 
through a thin wedge of glass held vertically so that the thicker end is 
uppermost Desenbe the appearance produced, and illustrate your answer 
with a diagram 

5 A horizontal spectrum one foot long is produced on a white screen 
by means of a prism When the pnsm is made to oscillate slowly about a 
vertical axis, the spectrum moves slowly backwards and forwards over six 
feet Explain and describe the effects produced when the same motion of 
the prism takes place very quickly 

SECTION III— HE A T 

6 Ice cold water is gradually warmed by being placed in a room at an 
ordinary summer temperature What changes occur in its volume during 
the process ? and how would you arrange an experiment so os to observe 
them? 
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7 Cold witor cinnot be raised to the boiling point by adding boiling 
water to it, but it can be raised to the boiling point by passing into it 
steam at the same temperature as the boiling water E\plain this 

S Explain the pnnciplc of the Davy safety lamp 

Group B 

SECTION 1— MAGNETISM 

9 An iron rod, A B, is held in a vertical position, the end A being 
uppermost It is found that B repels the south seeking end of a compass 
needle, but when the north seeking pole of a magnet is held near A, B 
repels the north seeking end of the compass needle Explain these facts 

10 How would }ou expect (i) a compass needle, (2) a dip needle, to 
beha\c at the north magnetic pole of the earth ? 

SECTION II —FRICTIONAL ELECTRICITY 

11 Describe a set of experiments to prove that there arc two kindis of 
elcctncit) 

T2 When an insulated metal rod is brought near to a suspended pith 
ball charged with negative electricity, the pith ball is attracted, whether the 
rod IS charged positively or not chained at all Explain this 

13 A positively electrified bodj is brought near to an electroscope, the 
disc of which IS then touched for a moment by the hand AYhat will be 
the effect (after the hand is withdrawal) of moving the body slightly (l) 
towards, {2) away from, the cap of the electroscope ? 

SECTION III— VOLTAIC ELECTRICITY 

14 Copper wires arc attached to plates of zinc and copper which are 
partly immersed in dilute acid Which of the two wires is at the higher 
potential? Draw a diagram showing the dircchon of the flow of the 
positive current within and without the cell when the two wires are joined 
(Indicate clearly which is the zinc and which the copper plate ) 

15 An electric current is passed through a wire coiled into a spiral 
The spirdi is placed with its axis vertical, and it is found that a current of 
air passes up through the tube formed by the spiral Explain this 

16 A long piece of insulated copper wire is doubled at its middle point 
M so that the two halves lie side by side It is then wound round an 
unmagnetized iron bar A B, M being at the end A The two loose ends of 
the wire are joined to the poles of a battery (one end to each pole) How 
would you test the magnetic slate of the bar, and what result would yon 
arrive at ? 
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May\ 1896 

Group A 

SLCTJON I— SOUND 

1 \ stretched >\irc gives a certain note on being caused to vibrate 
How could It be made to sound an octave lower by alteration of (i) ns 
length, (2) the slrctehing force? 

2 How miy U be proved that high and low notes travel with the same 
velocity’ 

SECllON II —LIGHT 

3 Half way between a flat gas flame and a w all, and parallel to the wall, 
IS placed a piece of cardboard, which has a square hole cut out in it, the 
breadth of the hole being half the greatest breadth of the flame Describe 
and illustrate bpr a diagram how the illumination of the wall through the 
hole differs according as the greatest breadth of the flame is parallel or 
perpendicular to the wall 

4 How must a man place himself with respect to a concave mirror in 
order that the image of his face may be (i) inverted, (2) upright? Ulus 
trate your answer by drawings 

5 An observer looking through a wedge of glass, the edge of which is 
vertical, secs through it the window of the room in w hich he is Draw a 
diagram showing the path of a ray of light from the window to his e}e 

SECTION III— HEAT 

6 Four balls of the same weight, made respectively of tin, iron, lead, 
and zinc, are all heated to the same high temperature and then placed on a 
cake of wax, into which they penetrate to different depths What infer- 
ence do you draw from this result? 

7 How can you show, without a barometer, that the atmosphenc 
pressure is less at the top of a hill than at the bottom ? 

8 Describe the Fahrenheit and Centigrade scales of temperature To 
what temperature Fahrenheit does 25° Centigrade correspond ? 


Group B 

SECTION I— MAGNETISM 

9 How would you show that the reason why a dip needle does not 
remain horizontal when so placed is not because the lower half of it is 
heavier than the upper? 
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10 A thm sheet of cardboard, upon uhich iron filings lia>e been 
sprinkled, is Hid o\er one end of a horizontal iron wire If the card is 
continuous!} tapped, what occurs — (1) when the north pole of a magnet is 
broughi near the distant end of the wire, (2) when next this magnet is 
remosed, (3) when finall} its south pole is brought near the distant end of 
the wire? 


SECTION JI —FRICTIONAL ELECTRICITY 

11 Which names arc the belter — vitreous and resinous, or positise and 
ncgatiic — to distinguish between the different kinds of electrification? and 
wh} ’ 

12 A proof plane touches for a moment one end of an insulated con- 
ductor while an excited glass rod is held near the other end Will the 
proof plane be clectnfied, and, if so, with what kind of clectncits ? Will 
the conductor haie any charge when the glass rod is removed? Gise 
reasons 

13 Describe and explain the action of a simple frictional electrical 
machine 


SECTION III— VOLTAIC ELECTRICITY 

14 Describe exacll} the arrangements necessary to prove that water 
may be decomposed into two dinfcrcnt gases 

15 A -ureak clcctnc current passes through a horizontal wire which 
stretches east and west under tlic centre of a horizontally suspended 
magnetic needle As the wire is turned so that its easterly end moves 
more to the north and its westerly end more to the south, the needle moves 
to meet it In what direction is the current flowing ? 

16 How would you construct a simple form of electric bell ’ Explain 
the action of each part 01 y our arrangement 
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APPARATUS 

The follo^v^ng is a list of the apparatus and materials needed to perform 
the experiments m the work The articles in lists A are those that will 
probabl) be obtained from instrument-makers , teachers with manipulatiie 
skill and time may reduce these lists considerably Thej are recommended 
to obtain OiUhne of Experiments and Description of Appaiatus and 
Material prepared bj the late Professor Guthne, F R.S , issued by the 
Science and Art Department , this waluable pamphlet has been frequently 
used in this work The construction of the apparatus m lists B is de- 
scribed in the work Details of lists C follow The figures in brackets 
refer to the pages Articles marked with an asterisk may be dispensed 
with in an Elementary course 


HEAT 


A 

Cryophorus 

Thermometers 

r Centigrade, to ioo° and 200° 

I Fahrenheit, to 212° 

Contraction apparatus (14) 

2 concave tin reflectors (50, 70) 


Set of cylmders (64) Copper, tin, 
lead, iron, zinc, cork and wood 
I Ib thermometer tubmg 
I lb barometer tubmg 
Rods of brass, iron, &c , 18 in 
Bell jar, with stopper 


B 

Difierential thermoireter (21), unequal expansion bar (15), apparatus 
to show expansion of metals {3), Gravesande’s nng (4) 



250 


Appendix 


SOUND 
A 

* Air pump 

* Alarum (2) (a) 

[ndiarubber tubing, 12 ft 
One tuning fork 
Violin bow 

2 tin tubes, each 3 ft x 4 in 
Gas cylinder, 12 in 
Strong globular flisk (57) 

Whistle 

Deal rod, 12 ft by i in by \ in (^) 

C 

(a) Swart’s toothed wheel (74) , {b) siren {74) , (c) humming top fitted with 
Savart’s wheel, (<j?) monochord , (e) square of glass (56), (/) set of 
weights, three of i lb , two of 2 lbs , one of 5 lbs , three of 10 lbs , 
one of 20 lbs 

(<i) Savar/’s Wheel — A thin sheet iron wheel of 24 centimetres dia 
meter, divide the circumference into 24 parts, notch in each part six teeth 
(J>) Stren —A thin sheet of good, smooth, stiflT cardboard (fig 239) 
From the centre c draw circles having the following radii 8 5, 9 5, 10 5, 
II 5, and 12 centimetres By geometrical means draw diameters ab, cd , 
then obtain the points /j i, h, t , join the opposite points , the circle is now 
divided into twelve parts , divide each part of the circle having the radius 9 5 
centimetres into file parts Bisect each twelfth part, and draw the radii , 
now bisect each part of inner circle, tnsect the parts of the third circle, and 
divide the parts of the outer circle into four parts Indicate the points 
carefully, and have the holes punched by a saddler The first three circles 
of holes will be sufficient for ordinaiy experiments These sizes are for use 
with the whirling table, one half size for top 

(r) Fill a large humming top with sand, seal the hole, then dnve a 
small smooth headed nail into the peg Cut the upper stem so that the 
section IS that of an equilateral tnanglc Now puncture holes correspond 
mg with this section in the centre of the wheels Fasten the wheels to the 
top by means of washers with triangular apertures Spin on the bottom 
of a tumbler 

If possible obtain a whirling table (fig 240) , the action is more under 
control An old foot or hand sewing machine, with the body removed, 
when adapted to receive the wheels, would suit admirably 

(rf) Sonometer, Monochord —An inch deal board, 3 feet long, 9 inches 
wide , two pieces of wood 6 inches x i inch x i inch, screwed on across 


Thin deal board, 24 ins sq (r) 
Hand bell {d) 

12 Solitaire balls 

(a) Use common alarum clock 

(b) Cover with list, suspend by 
threads, and use for sounding- 
board 

(e) Use for sounding board 

(d) Use stoppered bell jar (‘Heat ’) 
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ezis of tocrd lo fo~m szp^a~ts Three long wooden screws driven in 
obliqcelv fdzntizg ontwards' ct one end nt equal distances. At tne o Jier 
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which are dn\en in at an angle of 45® A bridge — that is, a triangular 
wedge of hard wood— 9 inches long, { inch wide at base, and as high as 
the pulleys This is screwed from below across the board, about 3 inches 
from the wooden screws Three other little movable bridges about I inch 
long, as high as the pullc>s, are provided A variety of weights and 
hooks, a pair of pliers, several yards of iron wire (pianoforte wires) of 
different thicknesses , brass ware, some of which has the same thickness as 
some of the iron wire The ends of three pieces of wire are twisted into 
loops and passed over the screw heads One of the other ends is passed 
through the pianoforte peg, which is then twisted round by the pliers 
The other two have loops twisted in them, and, passing over the pulleys, 
cany the weights 

A sheet of paper IS gummed to the board, having lines at every inch 
and thinner ones at every inch Mark with o the line beneath the 
pulleys and at the pianoforte peg — AMeatlar P/tjsies, F Outline 

(e) A square of strong window glass, 9 ins side, file the edges and 
smooth on a stone 

(/) Buy J cwt of scrap lead Melt a little over 10 lbs in a ladle , 
remove the scum , make acylindncalhole 4 inches diameter, in moist clay, 
with a wooden cylinder Into the middle of the base insert a stout iron 
wire so that 2 inches are in the clay Pour in the lead ^^'hcn cold bend 
the wire to form a hook at each end Correct the weight with standard 
weights , Hie off the necessary amounts Similarly make the others 

LIGHT 

A 

Lantern (a) 

I concav e mirror 

1 convex minor 

2 flat glass cells 
Stnps of thick plate glass 
Strips of crown glass 
Hand reading glass 

(a) A cheap lantern will answer as far as the spectrum and other 
experiments in this work arc concerned If the classes be held dunng the 
day, sunlight may be used 

B 

Newton’s colour disc (127) | Refraction apparatus (no) 

C 

(a) Blackened glass {b) Blackened paper (c) Set of lenses (rf) Model 

of the eye 


Carbon disulphide prism 
Prisms, 2 equilateral 
Square of roughened glass 
Stnps of coloured glass 
2 ground glass globes 
2 sheets of looking glass 
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(a) Wann the glass, rub vith solid paraf&n, remelt and dram ofT as 
much as possible , light a piece of camphor, hold paraffined side m the 
smoke Remove black with a needle 

{d) Dissolve as much shellac as possible in methylated alcohol , allow 
the mixture to stand for 24 hours , pour off, add to solution as much again 
of alcohol , add lampblack Paint cardboard wath this 

(f) A convex and a concave spectacle glass will answer ^ insert them in 
cork or cardboard frames fixed on thin wooden cylinders Place cylmders 
vertically m wooden feet 

{d) Fig 241 represents a wooden box 3" x 3" x 6", blackened inside, 
with the back b ncde of glass A watch glass (cornea) F is inserted in a 



Fig 241 


hole in front , the crystalhne lens is represented by a hand convex lens L, 
placed behind the cornea (see fig 242, and compare fig 112) Fill box 
with water, place m front of cornea a lighted candle, and obtain image on 



the roughened glass (the retina) One of the pieces of blackened tm, D, 
wit circular aperture, represents the ins Place concave and convex 
spectacle glass in turn in front of cornea, and note how the position of 
roughened glass must be altered 
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MAGNETISM 

A 


Piece of loaestone 
Pair of bar magnets 
Horse shoe magnet 
Knitting and sewing needles 
Watch spring 

Magnetic needle on stand (see list B) 


Magnetic needle on stand (133) 
Mariner’s compass (151) 


Bar of soft iron (a pohcr or ten 
penny nail) 

Bar of steel 
Iron filings, nails, &.C 
Untwisted silk (draw threads from 
a cheap nbbon) 


Dipping needle (14S) 


FRICTIONAL ELECTRICITY 
A 


Cylinder machine (see C) 
6 vulcanite stirnng rods 
Sheet of glass 
Tinfoil 
Sheet of tin 


Stick of roll sulphur 
Electrical amalgam 
Sheets of thin and thick vulcanised 
mdiarubber 

Small book of gold leaf 


B 


Balanced rods (161, see also list C) 
Balanced straw (162) 

Electroscope (165, 166) 

Lejden jar (194, 196) 

Hollow vessel (fig 178) 


Discharger (197) 

Proof planes (174) 

Leyden jar with movable coatings 

(197) 

Insulating stands (173} 


C 


Glass rod (a) 

Rod of sealing wax {p) 

Varnish (r) 

Insulated conductors (figs 173-5, 
177, 180) (rf) 


Electrophorus (190) (e) 
Pith balls (/) 

Cement Cg) 

Cylinder machine (/i) 

Silk and flannel rubbers (f) 


(a) Thoroughly clean and dry glass rod fm diameter, close and round 
one end in the Bunsen flame 

(i) Melt and fasten four ordinary sticks together, round the comers with 
a hot knife blade 
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(f) IHlf fill pint lioltlc with ^hcll-ic, co\cr the <!helhc with mcthjhted 
cpints, dnke frequcntlj , \nrnish will Ijc re*!!!} m ibout 24 hours 

(1/) Obtain dnpc') in wood from 1 turner, cover with tinfoil, using 
gowl piste, smooth circfullj the joinings Mount on rods of virnished 
gKes or on vulcanite stirring r«ls Briss bills 1 in in dnmeter, thil^cin 
be obiiinwl from the dcikrs mounted on vulcanite stimng-rods, ire iko 
useful Blown eggs cirefullj covered with tinfoil ind suspended bj drj 
sill threids inswer cqiiallv well 

(«) 1 T»i GrNt FATtNC Pi \Tr — V thick circulir piece of V ulciniscd 
indiirublier 6 in to S in diimcl< r is useful , frequcntlj clem the surlice 
with 1 little ilcohol , the plite icls be»l when pliced on 1 sheet of tin 
called the sole 

\ sheet of vulcanite is csccllcnt, but is dcir A mivturc of 5 parts of 
shellac, 5 of gum misiic, 2 of Vcnctiin lurpeiitmc, ind i of inirine glue 
mclte'd in 1 pm ind cist into 1 plitc, mij be used The surficc bubbles 
mi} be brol cn by brushing over the plitc with the fiimc of 1 Bunsen 
burner 

2 Tnr Cov rr — V piece ol tin or zinc, one inch less in diimctcr thin 
the sole , the edge should be circfull} turned up ind rounded bj 1 tinmin , 
to the centre solder 1 small cvhndcr J in long, to contim the hindlc , fi\ 
the handle (1 vulcinite stirring rod) with cement 

( f) Pith balls Pith of elder shaped into spheres Small bills of cork 
answer well su-ipend bv cotton or silk threids according to cvpcriment 

(^) Cement 5 pirts of black re'tn, i part of bees’ wii, I part of red 
ochre, ^ part plaster of Pins Melt the rcMn in 1 vessel, add the wi\, 
then stir in the plaster of Pans and colounng matter MUt the cement 
before use and warm the objects before appljing it 

(/;) I Tnr Cmimifi — Test several glass bottles bj rubbing them 
on amalgimed silk, and noticing their electrical cfTcct on pieces of paper , 
select the liest The bottle should have a deep cavitj m the bottom Pit 
an iron rod into a piece of wood that ncarlj fills the cavitj , fi\ the wood 
with cement The iron rod and the ixittlc neck re^t in the holes cut 
in the supports ii 11' (fig 1S7) Cement an iron rod bent twice at right 
angles into the mouth of the bottle for a handle 

2 Tnr 1 1 AMI VVOKK — Make it of wood, sire suitable for the bottle 
(fig 1S7) 

3 Tnr Cushion —Stuff a leather cushion with horsehair, cover the 
leather with silk A string tied round the wooden siip|>ort of E (fig 1S7) 
near the top, brought under the bottle and nttichcd to a screw-nail on the 
side of the base board nearest to the pnme conductor, vv ill supply the means 
of arranging that the rubber presses against the cjlinder, the silk flap r is 
attached to the silk on the rubber 

4 - Till Prime Comiuciou — A wooden cjlmder with rounded ends 
IS covered with tinfoil , the points arc pins with the hearJs taken off 
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Rub amalg'im on the rubber with a little lard 

(t) Silk —Six 6 in squares stitched together at edges with silk thread, 
improved with amalgam 

Flannel —Four 6 in squares of red 

VOLTAIC ELECTRICITY 
A 

Cells * Smec’s, Bichromate, *Astatic galvanometer ^ 
Darnell’s, *Grove’s, *Bunsen’s Sheets of copper 
6 binding screws. Sheets of zinc. 

A Grove or Bunsen may take the place of the Bichromate 

B 

Galvanoscope (210) Floating battery (228) 

Electro magnet (227, 229) Electnc bell (229I The descnp 

Apparatus for electrolysis (220) tion and cut (fig 236) should be 

Commutator key (224) sufficient 

To Use a Cell or Battery (i) Carefully amalgamate the zinc 
plates (207) (2) See that all the connecting parts, the binding screws, 

and the ends of wires are dean and bright , if necessary rub them with 
emery cloth , afterwards with a clean, dry cloth (3) Porous cells Dip 
open ends in melted paraffin , this prevents the acids creeping up the sides 
(4) To start the battery Make the connections Pour strong mtnc acid 
into the porous cell (of Grove or Bunsen) to about l" of the top , pour sul- 
phuric acid (I to 12 by weight) into the outer cell, so that it stands a little 
higher than the nitnc acid For Bichromate battery the mixture is 50 grains 
of bichromate of potash, dissolved in i litre of hot water, when cold add 
30 cub c of strong sulphunc acid (5) To dtsconnect the batter^' Wash 
carefully the binding screws, ends of wires, &.c , brighten and dr> perfectly 
Pour nitnc acid into large bottle , it maj be used again if it be not of a green 
colour Sulphunc acid should not be used again Wash the porous cells 
and leave them to soak in water Wash the zincs, re amalgamate where 
necessary and leave them covered with water 

GENERAL APPARATUS 

Balance, to carry i kilo , i Bunsen burner 

\\ eights, I kilo to I decigram i spint lamp 

One retort stand with clamps , dozen assorted test tubes 

Set of 6 beakers 
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I dozen I’s'iortcd fiTsks. 

4 of 2 or., 2 of 4 o» , 2 of 6 or , 
2 of S or , I of 12 n» , 1 of 

16 07 , 

3 indnnibber corks 
GJii", funnel 
3 dozen ordimrv corl « 

Cork borers, small stt 
3 lb's glass tubing (as orted) 

‘ lb. glass^TOil 
Pl-tinum wire, S in 


2 ft indianibbcr tubing ( " in ) 
Tinfoil 

I <q ft iron gauze, coarse 

„ M fin*- 

Copper wire coaered with cotton 
,, ,, sill.. 

Iron and copner wire, iSin 

1 «<j ft iron plate 

2 sq ft tin plate 
Metre scale 
Isetort, stoppered 


Clin MIC IIS 


r iher, melli , 2 or, 
Tiirpcniine 2 oz 
\lcobol, metb , 1 pint 
Carlxin distiljdiide, pure, 4 07 
^'ulphuric acid, 1 pint 
Nitnc acid, i pint 
Beesw a\ 

‘'olid parafiin 
Copper silpinte, J lb 
L-sd acet ite, l or. 


"silver nitrate, 2 drams 
Pans plaster 

lljdrocbloric acid t pint 
] ‘^o'litim sulphate, i lb 
Tincture of lo-line, ’ oz. 
Sulphur 1 11 ) 

Resin 

Caleiuin chloride, ' lb, 
Mertirj, 5 lbs 
Lampblack 



ANSWERS 

HEAT 

II (3) 88 8® C (4) 30 (5) F ° 122, 50 19 4, 356, 90 5 (6) C ° 

32 2, —I I, —26 I, o, 82 2 

III (6) F ° 59, 86, 63 S, 32, 212, -22, 14 , C ° 82 2, 100, 21 I, 

IS s, -244 

IV (1) ff 0000187s 000008 (2) 0432" too long (3) 3S2 

}ds (rails of cast iron) 

V (2) 120 306 cub in (S) 20 0S4cub in (6) i" 

VII (3) 1172 cub ft , 1492 cub ft , 1012 cub ft 

VIII (2) 4 5° C (3) 33^f° C (4) 60, s (7) 44 8" C (8) 96 8“ C 

( 9 ) 55 5 (10) 90 9° C (II) 09s, 4 75 (12) 0974 

IX (2)S7°C (3)ii5‘’C (9) 40 mm (13) 092 

X (8) S36 7 {13) 6 3® C (14) i 23 lbs 


SOUND 

I (6) 2240 yds 

II (6) 20 ft (14) (/i) 4 ft (/») 2/^ ft (IS) 1200 ft per second 

III (I) 40 (4) 1120x13 ft per sec (6) Intens at iioo intens 

at 1800 324 121 

W (3) 36 3 

V (i) 426 6 (2) 4 lbs (4) So lbs (6) Vibration mimbeis be 

come 1,200, 100 , 800, J33-V (7) 287 sec , if the tempera 

ture of the air be 13® C Temperature omitted 


LIGHT 

1 (10) 144 sq in 

n (3) 10 ft (S) Circle 4^" diameter 

rv (3)/=io' (4)/=20 9", /=4i S' (5) («) 9". (^) 30' behind 

the mirror, a Mrtual image (10) for real image, more 
than 12" distant, for airtual image less than 12" distant 


VOLTAIC ELECTRICITY 

in (3) In senes ^fj- anipure, in multiple arc ampere 
rXAMINATION QUESTION b 

1889 (6) 47 d° C 

1890 ( 2 ) Each uire gi\es tlie(*6ne note 

1892 (6) 36 9° C 

1893 (2) 1 141 6 ft per second 

1894 (2) The weight must be liahed 

1890 (S) 77° F 
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A L^OKPl ION of licit, 3t 
X"V \i llic-niometer, 19 
umlsim clccini i_(i 
Ani.-\l„nnntiJti of 111 v, -17 
\rip'rc, tilt "l^ 

ATifv-rr ^ rule, sio 
\iiifi1itmlc ofiibnlioii, 6t 
AnJ. cntiuil, ni 
- oftli.« itioii, Its 

— of inciJcnec 1110 rtflcstioii 94 

— of ri-fndioii, nrj 
Amo I ai 3 

Anode, 21 

\|ijnnttu, Sts 
\(li toil' \i]viiir, 31 

— Its iiinuenec o 1 cliimlc, 52 
\rniaiurc, 143 

Vtitie j.i!Miiometcr, sij 

— needle, =11 

\tiiio<j>Iicn(' clecincitt, J9" 

Attnciion, clcetncil, i'9 
— maunrti , 135 
\ms of m i; net, 13* 

B at wer wheel of clirotomctcr, 13 
l*atter>, -07 242 
— Jltmcll e 203 
— Dell Kites, 228 
Pell cUeinc, 2'9 
I’oilinff point, 7, 32 

— ~, intlticnceofilissoKcd matter on, 10 

of prewirL on, 10 36 

IJrteree, Imd ind sn 5. 

C UORIMKILII n 
Cimen, pinhole, 

Cipieilj for licit, 23 
Cell, the hirliromitt , ooj 
- — I iincen, 200 
- - Diniell, .04 

I rote, eoO 

— - T eelincln', ■'oj 

simple, 201, 242 

Sine , -03 

CiniiRTide sciTe, 8 


Chhdni s itprniiicnt, 56 
CirkUtt for telc^nphj, 225 
Chmitc,inlliiinLCor iqucoustapo^rci 4 

Clouds, 35 

— clceiricitt of, 19? 

Co fiicit.ni of tipinsion, liiieir, 12 
, f.pnrc, 13 

— , ctihic tt 

f old prodncctrbj etiporilion, 35 
Colour, t-S 
Commm tlot 1 e> "'4 
Compass, iiicliniiion, 146 
, iinnners, 150 
Compel! itiUK pciidiiliii’i 15 
CoiKicnsilion 33 
Conduction of lint, 44 
Comint tit lit of Rises, 48 

— tif Iiiinitls 47 
- of solids, 40 

Conductors, 170 

— , li Jumnu, 109 
Cnnju[,ile loci, 103, 120 
Coninciion, force of 14 
Conscction 42 
Coulomb, the, 214 
C rjophoius, 30 
Ciirreiits, cniitcctioil, 42 
— , iciion on nnrnets, 209 
— , niiRiictic t fleets, "26, 2*7 
— , thcrniil crtcLts, 215 
C>lindcr niicliinc, iqi 

D tNII I I S htRromcter, 4 
- liittcrj,"oS 
Dcclinition, 148 

Deflci lion of miRm is bj currents, a 
Duisii}, cicctnc, 185 
iJttt point, 35, 40 
fJPiillicrminc), 51 
^[felonic scnlc, 7C 
tSsffiision, 95 

1 iircctit c niiRiictic iction of the cirtli 15S 
l)isclnr|;er 197 
IKspcrsioii, 12& 

Ilistilliiion, 38 
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EAR 


LON 


E AR! H, the, a magnet, 148 
Ebullition, 32 
Echoes, 72 
Eclipses, 87 
£Ksticit> , 66 

Electncal attraction, 139, 182 

— densit}, 185 

— induction, 177 

— machine, 191, 193 

— potential, 187 

— repulsion, 162, 182 

Electrification, 161 

— , frictional and a oltaic 230 

— , on or near surface of conductor 183 

— , positiscand negatise 163 167 

— , two Linds of, 163, 168 

Electro chemical eijuivalcnts, 220 

Electrodes, 218 

Electrolyte, 218 

Electrolysis, 218 

— of copper sulphate, 219 

— lead acetate, 220 

— sil\ er nitrate, 220 

— wrater, 219 

Electro magnet, 227 

Electromotiac force, 187, 202 

, unit of, 214 

Electraphorus, 189, 241 
Electroplating, 221 
Electroscope, gold leaf, 164, 176, 189 
— , method of charging, 163, t8o 
— , pith ball, 163 
Electrotyping, 221 
Eaaporation, 32 
— , cold due to, 33 
— , latent heat of, 33 
Expansion, apparent and teal, 16 
— , coefficients of 12 
— , force of, J4 
— of gases, 19, 20 
— of liquids, 4, 16 
— of solids 3 13 
Eje, 123, 239 


F ahrenheit scale, 8 
Field, magnetic, I33 
Flame, sensitii e, 69 
Focal distance of lens, 117 

of mirror, 103 

Foci, conjugate, 103, 120 
Force, electro-motise, 187, 202 
— lines of magnetic, 134 
Ereering misture, 30 
— point 7 

Fusion, latent heat of, 29 
— laws of 28 
— Mtrcoiis, 31 


G AI VANOMET er, astatic, -ii 

Gal\anoscope,2>o > 

Gases, expansion of, 19 
— specific heat of, 26 
Glass, magnifjing, 119 


H ARSIONIC motion 61 

Harmonics or o\ ertones, 80 
Heat, a quantity, 22 
— capacity for, 23 
— mechanical equisalenl of, 52 
— radiant, 129 
— sources of i 
— transmission of, 42 
— unit of, 22 
Heating % hot water, 42 
Helix, 227 
Hygrometers, 40 
— Daniell s, 40 


I CE, latent heat of, 30 

Images, formation of, by lenses, ii8^ 
120 

by mirrors, 97 

by small apertures, 84 

— multiple, 113 

— real and tirtual, 98, 103, 118 

— size of, 108 

Incandescent lamp, 217 

Inclination, 146 

— compass, 146 

Index of refraction, no 

Induction across substance, 141 

- electrical, 177 

— magnetic, 136 

Insulators, 170 

Intensity of light, 88 

— of sound, 68 

Im etsion, lateral, 98 

Ions 2 18 

Isoclinic lines 146 
Isogonic lines 148 


J OULE S mechanical equiialcntofheaL 
5 ® 


K aleidoscope, 99 

Kathode, 218 
Ration 2 8 


L ANTERK, magic 122 
Latent heat of fusion, 30 
— — of raponsation, 33 
Lenses, sen 116, 121 
Leslie s dinerential thermometer, 21 
Ley den jar, 193, 194, 196, 197 
Light, analysis of, 126 
— insasibihty of 93 
— intensity of, 88 
— propagation of, 83 
— speed of, 130 
— qaithesis of, 127 
Lightning conductors, 199 
Liquids, conducts ity of, 47 
— expansion of, 4, 16 
— specific heat of, 26 
Lodestone, 131 
Longitudinarnaies, 6 
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Mt'nt jy 1 >*. 

’ It-Jian, I n^t t r 14'' 
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’ll Tu-ciipt, 1111 rlci ti- 
Min.e, 111 
■'lirtor' c "fait, lOj 
— collet 107 
- 1 I I ltd, 9 
- j'ant t' 

— i, 1 meal, to 
’ lororl onl Sit *k)’'iirf(rr 

J li liiji'ean., -15 

Ml 'ill'll in;: cfTci n if lurtcnts, .10 
7 III iiaf •a!'", * 


N I FDI 1 ni an -ti 

- 14'j 

mrtm'ii , ij > 
^lelHO^^ lit f, 1 17 


0 1 R*!! IDS capcntri-m, saa 
Olim, till, ;i 3 
Ohm a Ia», El 4 
Opai]uc Ixidiea, C , 

Oiertontaor Iiarinuriic , t > 


P M’IN S iliRcsler 3" 

Riiidiituin cointH n>atin;;, is 
— pridiroa, 15 
Pencil of Iipht, ' 4 
Pmiimlira, £6 
Photuinrtcr*, £ • 

Pitch, 74 

Pre«iurc, ciTcct on lxiilin„ (loint, ic , 3O 

Plate machine, 193 

Poinlv, action of, iCi 

Polamation, "03 

Poles, diitinctioa heliicen, is' 

— iniepanlnlitj of, 15O 


THE 

roll* mapnitic 13 ' 
Potential, i ’'7 'oa 
Pn'm 1 14 
I’roof pl-hc, 174 


Q OAI n\ oftniiinatioard'i. 
(luintil) ol Llcc*ricili, S 14 


PAPI\N I heat, 40 i:a 
I lx Kadut oa 4 a si 
t Kaiii *' 
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K'-flretu 1, Uii s of, Oj 

— if lie it 4 , 

-- of lipht, 03 
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, — iflisht, I J 
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S AhPTV lamp 44 
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''lie 1 
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^a'utiJii, a 
Sonoinctcr 77 , ' ^ 
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— , speed of 3 3 
waits, f, 

!>oiim'>, qiialiij of Bo 
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''peiific hca>, as 
Vjieitarlee, i'| 

''pcclnini, laj 
bliectl of radiant he it, i~a 
— ofliphl, 130 
— of sound in air, 5 S 
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Spiral, aa 7 

Sicam latent licat of, 33 
Stool, inMilalinp, 173 
fctrtngth of a turrent, •<14 


t 'T'TirruAPin =23 

'' 1 lelcsiojK, aiironomical, irj 

Icmperatiire, i 
'lerreatn.almapiiti'm, 145 
nietmal unit, -z 
Jlieriiiomitcr, nr, to 
— difiirential, so 



262 


Index 


THC 
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Tlierniometcr, diflerential, so 

— , mcrain , 6 

— , pnncipfe of, s 

rhcrmometeK, flxed pointi; of| 6 

- , paduition of, S 

— ' tcstini;, 9 

Timbre So 

Toothed w heel 236 

Translucent bodies, 83 

Trinspnrcnt bodies, 83 

Tmnss erse s ibrntions of stnnjss, 77 


U AinRA, 36 

tinit of hen, ss 


, sound not prapagnted in n, ^ 


— , latent beat of, 33 
Vapour, saturated, 35 
\ cntilation, 43 
Vertical uases 60 
Vibration, 35 

Vibrition of atr in a tube, Ss 
— of plates, 5fl 


^ACUUM 

Vaporfsation 


Vibration of stnngs, 77 
Volt, 214 

Voltaic elcclricit}, compared with fnc 
tional S30 

— , heating effect of, 230 


W ATER, electrol3sis ol^ srp 
Water, heating bj hot, 42 
— , expansion of, 16, >7 i8 
— , maximum density of, 17 
— , sperific heat of, "6 
Wasc front, 66 
— length, 62 
- motion, 60 
Wases, longitudinal, 63 
— sertical, 60 
Waees, water 60 

Weight of bodies eflcct of heat oa 17 
Whispering galleries 71 
White light, 130 
Wind, 52 
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